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1. Transmitted herewith are three copies of Supplement No. 1
to Design Memorandum No. 8, Cofferdams, Charles River Dam,
Boston, Massachusetts.

2. This supplement has been prepared to incorporate revisions
required to permit installation of relief wells inside un-
watered cofferdam areas as discussed at conference held at

NED on 24 October 1972 with Mr. Ralph Beene (DAEN-CWE-S).
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WATER RESOURCES DEVELOPMENT PROJECT

CHARIES RIVER DAM

CHARLES RIVER BASIN

SUPPLEMENT NO, 1 TO DESIGN MEMORANDUM NO. 8, COFFERDAMS

DECEMBER 1972

S-1., PURPOSE. The purpose of this supplement is to present design revi-
sions which are necessary to permit the construction of relief wells inside
unwatered cofferdam areas and to update cost estimate items associated
with relief well work,

S-2, SCOPE. This supplement contains revised relief well layout and de-
tails, requirements for ballast fill, revised piezometer requirements and
revised cost estimate,

S-3, SUMMARY, The installation of relief wells can be done in uhwatered
cofferdam areas if a ballast f£ill is placed prior to unwatering. The pur-
pose of the ballast fill is to weigh down the foundation areas where the
water pressure in the rock couid become high enough to uplift the over-
burden soil. Once relief wells are installed, most of the ballast fill can
be removed, The construction of relief wells in unwatered areas is easier
to do, easier to inspect, and doss away with the difficulties and uncer-
tainties associated with underwater work done from a floating plant. The
cost estimate indicates that the cost of relief werl construction inside
unwatered cofferdam areas is about $150,000 lower than the cost for con-
struction from floating plant,

Salj, BALIAST FILL. The locations of ballast fills are shown on Plates

8-17 and 8-18. The required thickness of ballast fill was computed for a
minimmm safety factor of 1.1 against uplift induced by water pressure at

the rock surface assuming 100% static head measured from rock surface to

design flood level counteracted by the weight of the soil above rock sur-
face. Assumed unit weights are as follows:

WALOY ceeevcoocsscaccsscnncnns veesesees 6Ll 1bs/culft.
tiu ...‘."....“'.....‘..‘..‘.......’mg ]bs/cu.fto
silty sand (or natural soil other tham till) 100 1bs/cu.ft.
ballast £i11 MALOTial eececeseeoecsseesl20 1bs/cu.ft,

The ballast £ill material will consist of gravelly sand or sandy gravel
meeting the gradation requirements of gravel fill material for the per=
menent work., The material will be placed by dropping through about 10



to 30 feet of water on areas previously dredged of soft material. The bal-
last £ill material within a cofferdam area will be removed above El. 8k,
after all the relief wells within that cofferdam area have been installed
and are operating adequately.

S-5, RELIEF WELIS. The relief wells will be installed after the ballast
£i11 is in place and the area incleosed by the éofferdam is unwatered. The
top of each well riser pipe will be cut off 2 feet above the ground sur-
face adjacent to sach well, Upon satisfactory installation of all relief
wells within a cofferdam grea, the ballast fill will be removed above El.
84, A small quantity of ballast fill material will remain above El. &l to
ensure adequate c ounter weight for the 1,1 safety factor against uplift,
Prior to excavation for the structures within 50 feet of relief wells R-69
to R-80 in Stage 1 cofferdam, and R=-26 to R=-32 in Stage 2, submersible
pumps will be installed inside alternate wells of the above rows and the
water level will be pumped down and kept at 10 feet below rock surface at
each pumped wel!l, Unpumped wells will serve as open-end standpipe piezo-
meters, The water level inside pumped wells will be kept 10 feet below
rock surface until structural floor slabs are completed at which time the
riser pipes will be cut off one foot above top of concrete. Relief well
discharge will flow by gravity to water collection sumps. The requirement
for grouting relief wells after flooding of the cofferdams remains un-
changed, Relief well layouts and details are shown on Plates 8-17, =18 and
-190

S-6, COST ESTIMATE. The supplemental cost estimate is shown in Table 2,
Part A of the estimate is for construction by floating plant method and
Part B by the unwatered area method., The cost estimate indicates that re-
lief well construction inside unwatered cofferdam areas will be about
$150,000 cheaper than construction from floating plant.

Se2



B.

SUPPLEMENTAL COST ESTIMATE

TABIE 2

Desgrigticn
Floating Plant Method

1.

2.

Stage 1 Cofferdam
Relief Wells
Piezometers

Stage 2 Cofferdam
Relief Wells
Piezometers

Subtotal
Contingency

Unwatered Area Method

1.

2.

Stage 1 Cofferdam
Relief Wells
Ballast Fill

Stage 2 Cofferdam
Relief Wells
Ballast Fill

Subtotal
Contingency

Quantity

Unit

80
20,000

22
5,000

8a
ea

ea
ea

ea
ey

ea

Unit
Price

$3575*
6700%

3575%
4100%

TOTAL

1170
5.90
1170
5.50

TOTAL

Estimated
Cost

$261;,550
10,200

85,800
12,300

102,850
4,350
$LL7,200

93,600
118,000

25,740
29,500
266,810
29,360

$296,200

*Reflects corrected wnit prices to inciude full floating plant charges.,
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NEW ENGLAND DIVISION, CORPS OF ENGINEERS
424 TRAPELO ROAD
WALTHAM, MASSACHUSETTS 02154

NEDED-E | 14 Pebruary 1973

SUBJECT: Charles River Dam, Boston, Massachusetts, DM No. 8,
Cofferdams

BQDA (DAEN-CWE-B)
WASH DC 20314

1. Transmittéd herewith are three copies of Supplement No. 2
to Design Memorandum No. 8, Cofferdams, Charles River Dam,
‘ Boston, Massachusetts.

2. This supplement has been prepared to incorporate revisions
required to permit simplified installation of Stage II crossover
closures, to eliminate Stage II flooding device, and to relocate
Stage I flooding device to eliminate tremie concrete.

FOR THE DIVISION ENGINEER:
O “

Incl OHN Wa. LESLIE
as (in trip) hief, Engineering Division
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WATER RESOURCES DEVELOPMENT PROJECT

CHARLES RIVER DAM

CHARLES RIVER BASIN

SUPPLEMENT NO. 2 TO DESIGN MEMORANDUM NO. 8, COFFERDAMS

§2-1. PURPOSE. The purpose of this supplement 1s to present design revi-
sions which are necessary to permit simplified installation of Stage II
crossover closures, to relocate Stage I flooding device to eliminate tremie
concrete, and to eliminate Stage II flooding device.

S2-2. SCOPE. This supplement contains revised layout and detailé of the
east and west crossovers, revised layout and details of Stage I flooding
device, elimination of Stage II flooding device, and revised cost estimate.

S§2-3. EAST AND WEST CROSSOVER.

a. To facilitate these closures a pressure type, self-sealing arrange-
ment of cells is provided to eliminate embedded items in lock walls and to
simplify erection of a positive closure. This is accomplished by attaching
a 2340 degree segment of a 25 foot diameter piggyback cell to the main 50 ft.
diameter cell and a timber block full length at contact point of cell and
lock wall.

b. Two pressure characteristics provide closure; first, the timber
is inserted between the concrete lock wall and unfilled cells, the cell dia-
meter expands upon filling thus clamping timber against lock wall. Secondly,
the piggyback cell is located such that exterior water pressure deflects the
cell into timber and lock wall.

¢. Cell Expansion. Each sheet piling has slack in fingers which
averages 3/8" in 15-1/4" width of sheet, thus 37 sheets in piggyback can ex-
pand the circular arc by 13-7/8" when filled and increases the diameter by
4.4",

d. This procedure has been used successfully by the Huntington
District.

§2-4. RELOCATION OF STAGE I FLOODING DEVICE. Relocation of flooding device
from till El. 75+ to till El. 90+ will eliminate the requirement for tremie
concrete below the flooding bulkhead. The space between cells No. 29 and

No. 30 provides till contours favorable to this condition and will be utilized
to simplify construction.




S2-5. [ELIMINATION OF STAGE II FLOODING DEVICE. Facilities constructed

in Stage I provide adequate control of water for Stage II flooding. The
north channel wall of Small Lock No. 2 with filling culvert and ports is
built in Stage I construction; control is provided by stoplogs in the
filling culverts. The stoplogs must be in place since the culvert is open
to the water and below the water surface. Therefore, the Stage II flooding
device is eliminated to remove the redundancy of control and to simplify
construction.

S2-6. COST ESTIMATE. The supplemental cost estimate is shown in Table 3.
Part A represents costs related to original Design Memorandum No. 8 -
Cofferdams. Part B represents costs related to Supplement No. 2. The
supplemental cost estimate indicates that the provisions of Supplement No.
will reduce the original estimate by $70,000.

52-2
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TABLE 3

SUPPLEMENTAL COST ESTIMATE

Description Quantity

Original Scheme

l. East & West Crossover
Steel Sheet Piling

and Mise. 7 140
2. Flooding Device 14

3. Tremie Concrete 255

Supplement No. 2 Scheme

1. East & West Crossover (Piggy-back Cells)
Steel Sheet Piling 98

2, Flooding Device 7

Comparison

1. All pricing includes overhead, profit,
labor benefits and insurance.

2. Total credit for redesign of crossover,

less one flooding device and no tremie
concrete.

TOTAL CREDIT

Unit

tons

tons

cy

TOTAL

tons

tons

TOTAL

It u

Estimated
Cost

$ 82,000

29,100

16,200

$127,300

$ 43,000

14,300

$ 57,300

§127,300
57,300

$ 70,000
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DEPARTMENT OF THE ARMY
NEW ENGLAND DIVISION, CORPS OF ENGINEERS
424 TRAPELO ROAD
WALTHAM, MASSACHUSETTS 02154

NEDED-E 8 June 1972

SUBJECT: Charles River Dem, Boston, Massachusetts, DM No. 8,
Cofferdams

HQDA (DAEN-CWE-B)
WASH DC 2031k

In accordance with ER 1110-2-1150, there is submitted for review
and approval DM No. 8, Cofferdams, for the Charles River Dam

Project.
Q \b“ L)

Incl (10 cys) HN Wm. LESLIE
as ief, Engineering Division

FOR THE DIVISION ENGINEER:
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WATER RESOURCES DEVELOPMENT PROJECT
CHARLES RIVER DAM

CHARLES RIVER BASIN

MASSACHUSETTS

DESIGN MEMORANDUM NO. 8

_COFFERDAM_

A. PERTINENT DATA

Elevation Control

Datum Metropolitan District Commission Datum
(M.D.C.)
Equation 105.65 ft. M.D.C. = 0.0 m.s.1.

Tides, Boston Harbor

Mean High Water 110.2
Mean Low Water 100.8

Upstream Pool

Normal Basin E1l. 108.0

Downstream Pool Tidal, elevation varies

Bypass Channel Design Requirements

Navigation:
Minimum Width 45 feet
Channel Bottom El. 86.0
Food Flow:

20- year frequency 10,000 c.f.s.



Selected Cofferdam Design Data

Water Level Mex. E1. 115.0
Top of Cofferdam - Earth Dike E1l. 116.0
Top of Cofferdam - Steel Sheet Pile Cell E1l. 118.0
Cell Diameter 49,026 't

Number of Circular Cells

Stage 1 34
Stage 2 10
*¥3 Cells Re-Used for Stage 2

B.  INTRODUCTION

1. PURPOSE. The purpose of this memorandum is to present design
analyses of construction cofferdams in accordance with ETL 1110-2-134,
dated 5 November 1971.

2. SCOPE. This memorandum covers design analyses for Stage 1 and 2
Cofferdems, Cofferdam Crossover structures, interior walls, earth-dike
cofferdams, earth slopes, excavations, fills and pressure relief wells
in the bedrock.

3. DESCRIPTION OF SITE. The cofferdams will be constructed in two
stages across the Charles River. At the project site, the river is
about 500 feet wide and not deeper than about 25 feet below mean sea
level; the deepest portion occurs within the existing navigation
channel along the south bank of the river.

Present day riverbanks evolved out of gradual encroachment of the
river channel by commercial waterfront development work and construc-
tion of bridge approach ramps. The major part of the area is cluster-
ed with ruins of an old bridge, fender piles, bulkheads, piers, util=-
ity lines,and debris of simlar abandoned structures.

C. DESIGN CRITERIA

4, ENGINEERING MANUAL.

a. EM 1110-2-2906, Design of Pile Structures and Foundations.
b. Draft of above EM dated 1 February T7l. (See EC 1110-2-11k).

c. EM 1110-2-1902, Stability of Earth and Rock-Fill Dams.

it Bet
o it e s

fé
i
|




d. EM 1110-2-2300, Earth and Rock-Fill Dams - General Design
and Construction Considerations.

e. EM 1110-2-1908, Instrumentation of Earth and Rock-Fill
Dams.

f. EM 1110-1-2101, Working Stresses for Structural Design.
g. EM 1110-2-2502, Retaining Walls.

5. ENGINEER TECHNICAL LETTERS.

a. ETL 1110-2-134, Construction Cofferdams.
b. ETL 1110-2-43, Steel Sheet Piling.

¢. ETL 65-12, Design of Sheet Pile Cellular Cofferdam Con-
nections.

D. PROPOSED RIVER STRUCTURES

6. DESCRIPTION. The river concrete structures are made up of five
components as shown in Plates 1 and 2. From north to south they
are (a) the fish passage and sluicing facilities, (b) the pumping
station, (¢) the large lock, (d) the small lock No. 2 and (e) the
small lock No. 1. The highway viaduct will be constructed over the
entire river structures. Normal river flow will pass through the
sluicing facilities. During flood conditions, the river flow will
be pumped to the ocean side of the barrier through the pump station.

7. CONSTRUCTION SEQUENCE RESTRAINTS. A restraint to the construc-
tion sequence is imposed by the requirement that a construction open-
ing must be provided for navigation and for passage of flood flows.
The proposed bypass channel satisfies both flood passage and naviga-
tion requirements. The bypass channel has to remain operational untili
the large lock and the sluicing facilities are completed.

E. HYDRAULICS AND NAVIGATION

8. GENERAL. The construction of the first phase of the new Charles
River dam will require cofferdams across the Charles River. These
cofferdams must be adequate in height to prevent undue risk of over-
topping and the bypass channel must be sufficient in size for the
passage of both normal and floodflows as well as navigation. Design
of the cofferdams and bypass channel involved hydraulic analysis of
both tidal data for the harbor and normal and maximum flow conditions
in the river.



9. TIDES. Maximum stages at the project site will result from ab-
normally high tides. High tides can occur in Boston Harbor during
the fall season as a result of hurricanes, or during any season of
the year as the result of severe low pressure weather systems, re-
ferred to as "northeasters,” moving up the coast, east of Boston.
Though coastal storms can occur any season of the year, in the past
they have occurred most frequently during the winter season. Con-
sidering the 20 highest tides of record in Boston, it is found that
17 such tides, or 85 percent, occurred during the six month period,
November through April, and only 3 or 15 percent, during May through
October with none in June and July. Pertinent data on tides at
Boston are as follows:

Mean Tide Range 9.5 f%.
Spring Tide Range 13.0 f%.
Mean High Water 110.25 MDC
Mean Low Water 100.8 MDC
Average Spring High Water 110.9 MDC
Record High Water
April 14, 1851 115.7 MDC
(Adjusted*) 116.6 MDC
10 Year Freq. Tide 114.2 MDC
20 Year Freq. Tide 115.2 MDC
50 Year Freq. Tide 115.8 MDC
100 Year Freq. Tide 116.2 MDC

*Adjusted to 1970 for general rise in sea level.

Normel Tide Cycle 12 hours
Normal Max. Rate of Change 2.5 ft./hr,
Normal Period Tide In:

Upper 1/2 ft. Range 2 hours
Upper 1 ft. Renge 2.6 hours
Upper 2 ft. Range 3.7 hours

Elevation 116.0 feet, MDC datum, the adopted minimum cofferdam
top elevation, is 0.3 foot above the highest tide ever experienced
in Boston, but 0.6 foot below that record tide after adjustment to
1970 for pest rise in sea level. This elevation was selected only
after comparative studies demonstrated that the small percentage
savings in cost of a lower cofferdam height did not justify the added
risk of overtopping. Elevation 116.0 MDC is about a once in 80 years
frequency tide level, based on adjusted data, and cofferdams at this
height will provide a one foot freeboard above a l5-year frequency
tide level of 1il5 feet, MDC.




Wave action at the site during abnormally high tides will not
be severe and will be mostly of a "choppy"” veriety due to lack of
effective fetch. Storms producing abnormal tides at Boston gener-
ally have winds from the east which will result in the greatest wave
action on the downstream cofferdam. The fetch distance from East
Boston to the new damsite is less than one mile. This fetch, with
an effective overland wind speed of 4O miles per hour, would result
in a wave height (crest to trough) of 1.9 feet. High buildings in
the area and the Charlestown bridge just downstream serve to further
modify the effectiveness of wave producing winds.

10. RIVERFIOWS. Riverflows through the bypass chennel will consist
of: T(a) water sluiced through existing Charles River dam, (b) dis-
charges from marginal-conduit, (¢) runoff from intervening two square
miles of drainage area, and (d) tidewater from the L0 acres of bay
area between the damsites. Tidewater flow is a function of rate of
tidal change and would be a normal maximum of 1,200 cfs at mid-tide,
and near zero during periods of low and high tide.

The primary source of flow in the river is that sluiced through
the present upstream dam. The average flow of the Charles River is
about 100 cfs, and since sluicing at the dam is zero during high tide,
it can be assumed to approach twice the average or 200 cfs at low tide.
Meximum floodflows at the new damsite, while under construction, would
be about 10,000 cfs, assuming: (a) & maximum discharge capacity of
1,000 cfs through each of eight 7 x 10.5 foot sluice gates at the
existing dam, (b) 1,000 cfs discharge from the marginal conduit, and
(¢) a runoff rate of 1,000 cfs from the intervening two square mile
drainage area.

The bypess channel, shown on plate 8-4 will be approximately 700
feet long and have a minimum cross sectional area below low tide of
1,500 square feet. Because discharges are a maximum at low tide, ve-
locities and head loss in the bypass channel accordingly will be a
meximum at low tide and approach zero at high tide. Velocities and
head losses through the bypass channel during low tide for various
flow rates are listed below:



Downstream Head Loss Upstream

Tide Elevation Flow Velocity 1.5 Hours Elevation
(£t, MDC) {cfs)  (ftfsec)  ~ (ft) (£%, MDC)
100.8 1,000 0.7 0.01 100.8+
100.8 2,000 1.3 0.0k 100.8+
100.8 4,000 2.6 0.15 100.9
100.8 6,000 4.0 0.38 101.2 ]
100.8 8,000 5.3 0.66 101.5 B
100.8 10,000 6.6 1.00 101.8

With normal tidal discharge of 1,200 cfs, average velocities
across the channel will be 0.8 foot per second with estimated veloc-
ities at the center of the channel about 1.2 to 1.5 feet per second.
With maximum floodflows of 10,000 cfs, average low tide velocities
will be 6.6 feet per second with estimated maximum velocities of 8
to 10 feet per second at the center of the chamnel. It is concluded
that the bypass channel will be adequate to pass both normal and flood-
flows, with little restriction to navigation except during periods of
maximum flood discharge.

11. COFFERDAM FLOODING DEVICES. Cofferdam flooding devices will be
provided for flooding of the cofferdam for either an emergency situa- ‘
tion or at completion of required work. i

a. Stage 1 Cofferdam. The device will consist of a 36" x k2"
gate valve with invert at E1. 95.0. The device is capable of flood-
ing the cofferdam ares to El. 90 with an outboard average tide at
about E1. 105, in about 5 to 6 hours.

b. Stage 2 Cofferdam. The device will consist of an 18" x 42"
gate valve with invert at El. 95.0. The device is capable of flood-
ing the cofferdam area to El. 90 with an outboard average tide at
about E1. 105 in about 4 to 5 hours.

12. NAVIGATION. :

a. During construction of the large navigation lock and the
pump station, estimated to take 2 years to complete, a temporary
bypass channel will be required. The channel proposed for this pur-
pose is essentially the present channel which extends from Boston
Harbor; through the navigation openings of the Charlestown, Warren
Avenue, and Fitzgerald Expressway Bridge, to points upstream. The



navigational clearance and the fendering system of the Charlestown
Bridge will remain the same. The chamnel alinement through the
bridge will also remain unchanged.

b. The remains of the old Warren Avenue Bridge is to be re-
moved in entirety and the bypass channel area dredged to E1. 84 and
covered with a 2-foot layer of stone protection. The cellular steel
pile Stage 1 Cofferdam will be constructed with its southern limit
lying for the most part, along the existing channel as indicated on
Plate 8-4. One upstream cell will encroach on the present channel
by about 10 feet, but this cell is a short distance upstream of the
point of least horizontal navigation clearance, i.e. between the
northerly corner of the south abutment of the Fitzgerald Expressway
and the southern limit of the proposed Stage 1 Cofferdam. The clear-
ance at this point is about 50 feet. This clearance will not be less
than at present. Also the channel alinement will remain essentially
the same, and will be improved somewhat because of the proposed dredg-
ing which will permit additional maneuvering room.

c. Discussions with a Boston based company which transports
fuel by tug-barge systems to terminals within the Charles River Basin,
indicate that generally the alinement, depth, and widths of the pro-
posed bypass will be adequate and even in some instances improved.
However, representatives of that company point out that under exist-
ing conditions substantial difficulty is encountered in turning the
tug-barge system to the northwest just as it navigates past the
bridge abutment of the Fitzgerald Expressway. The system must be
turned as it navigates that point because of the bulkhead located
immediately upstream to the west. The one cell mentioned above,
which will encroach to same degree on the channel, will add to the
navigation difficulty to a moderate degree. It was suggested by the
company representatives that a pile cluster, or two of them; provided
at or in the vicinity of the upstream end of the cofferdam, would aid
greatly as a pivotal point as lines could be tied to these clusters
to hold the system in place while maneuvering. The tidal and fresh-
water runoff currents add to the maneuvering difficulties.

d. Such dolphins will be provided for the purpose mentioned.
Also, the existing fendering, which is to be removed along the bridge
abutment, will be replaced with temporary fendering for the 2-year
period as the tug-barge system bounces along these fenders when turn-
ing. The temporary fendering will be removed thereafter. Fender
system for Stage 1 Cofferdam is shown on Plate 8-lL.

F. FOUNDATION INVESTIGATION

13. GENERAL. Boring locations are shown on Plate 8-2. Boring logs
and soil test data are shown on DM No. 44 EMBANKMENTS AND FOUNDATIONS.
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Foundation datas on John F. Fitzgerald Expressway Bridge piers, the
Charlestown Bridge piers, and old Warren Avenue Bridge were obtained
and reviewed for the purpose of helping evaluate and corroborate the
data obtained specifically for the design of the Charles River Dam
project.

G. SELECTION OF COFFERDAM TYFE

14, GENERAL. The cofferdam type shown in this Design Memorandum

was developed from the basic circular cell cofferdam concept con-
ceived originally in 1964 by Charles A. Maguire and Associates in
their basic planning and engineering studies made for the Metropolitan
District Commission, Commonwealth of Massachusetts.

Cofferdam types other than the circular cell type were considered
in 1964 and again during the preparation of this memorandum. Other
types considered included single wall cofferdam with earth fill and
batter pile bracing and braced double wall cofferdams.

The horse-shoe shaped cofferdam of circular cells on three sides
and earth dike on the shore side selected for Stage 1 construction is
considered the most suitable and economical. It provides ample space
for simultaneous construction of the large lock, the pumping station,
the fishway and sluicing facilities, abutment wing walls and permanent
earth fills.

The selection of cofferdam type for Stage 2 was made on the basis
of using the same type of construction selected for Stage 1 although
the selection could very well have been braced double wall cofferdams
in lieu of cells and earth dikes.

15. LOCATION RESTRAINTS. The cofferdams were located within areas
which provided maximum clearances from permanent project structures
but yet sufficiently away from existing bridge piers and buried water
mains.

On the east side, the cells were located not closer than about
15 feet horizontally from an abandoned submarine conduit which has
an invert elevation lower than the anticipated elevation of the cell
pile tips.

On the south side of Stage 1 Cofferdam, the cells were located
‘outside of the northerly limit of the temporary bypass channel.

On the west side of Stage 1 Cofferdam,the cells were located at

safe distances from & buried water main and several bridge piers. For
ease of construction, three cells were located clear of the J.F.
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Fitzgerald Expressway Bridge deck so as to eliminate bridge deck in-
terference to pile driving operation.

On the west side of Stage 2 Cofferdam, the cells were located
at safe distances from a buried water main and a bridge pier.

16. CONSTRUCTION SEQUENCE. The bypass channel and slope protection
plus necessary temporary navigation fenders will be completed prior
to complete enclosure of Stage 1 Cofferdam. The Stage 2 Cofferdam
will be constructed after the structures in Stage 1 are completed to
the extent that the Stage 1 area can be flooded plus the requirement
that the large lock is open for navigation purpose and for bypassing
the construction period design flood during the Stage 2 construction
period.

H. CHARACTERISTICS OF FOUNDATION MATERIALS

17. GENERAL. The characteristics of foundation materials are de-
seribed to & large extent in Design Memorandum No. 4, EMBANKMENTS
AND FOUNDATIONS. The descriptions presented hereinafter are basic-
ally oriented toward supplementing the descriptions and data in DM
No. 4. The descriptions cover all natural soils and fill material
present including materials which are to be removed as part of re-
quired foundation treatment.

The foundations areas are typified by the salient delineation
of three types of natural soil deposits: organic silt, silty sand
and till. Man-made fills overlie natural soils on both shores. The
standard penetration resistance value ("N" value) was obtained from
borings made prior to 1969. "N' value and penetration resistance
data from current borings were used in judging soil compactness
and pile driving characteristics.

18. SOIL PROFILES AND SOIL DATA. The locations of borings are

shown on Plate 8-2; generalized soil profiles are shown on Plates
8-7 through 8-9; additional soil profiles and soil test data are
shown in DM No. 4; contour limes of the surface of the buried natural
£ill feature are shown on Plate 8-6.

19. STAGE 1, COFFERDAM, Generalized soil profiles are shown on
Plates 8-7 and 3-O.

a. Easterly Arm. Profile 2-2 on Plate 8-7, shows a generalized
soil profile along the easterly arm of the cofferdam. The river bottom
elevations vary from about E1. 85 to 100, and the entire cofferdam
foundation ares contains a surficial deposit 5 to 10 feet thick of
very soft organic silt.




The organic silt overlies a 2 to 10 foot thick deposit of loose
gravelly sand and silty sand (sometimes with sea shells) which, in
turn, overlies medium compact to very compact till. In a portion of
the foundation reach of cells 9, 10, and 11, the organic silt over-
lies directly on the till.

The elevation of the surface of the till varies from about
El. 70.0 to 90.0. Boring data indicate that the till deposit is
generally about 10 to 25 feet thick and it overlies rock. The till
consists of medium compact to very compact gravelly sandy silty clay,
gravelly sandy clayey silt, gravelly silty clayey sand and gravelly
silty sand. The deposit contains cobbles and boulders.

b. Southerly Arm. Profile 3-3 on Plate 8-8, shows a general-
ized soil profile along the southerly arm of the cofferdam. The river
bottom elevations vary from about El. 80 to 100, and the entire coffer-
dam foundation area contains a surficial deposit 5 to 20 feet thick of
very soft organic silt which,in turn, overlies medium compact to very
compact till.

The elevation of the surface of the till varies from about El.
70 to 90. Till soil types are described in subparagraph 19a, above.
The till deposit is about 20 to 35 feet thick and it overlies bed-
rock.

¢. Westerly Arm. Profile 1-1 on Plate 8-7, shows a generalized
soil profile along the westerly arm of the cofferdam. The river
bottom elevations vary from about 80 to 100. The river area founda-
tion contains a surficial deposit 5 to 15 feet thick of very soft
organic silt which, in turn, overlies medium compact to very compact
till. The $ill is about 10 to 40 feet thick and overlies bedrock.
The elevation of the surface of the till varies from about El. 65 to
90. The till soil types are described in subparagraph 1l9a. In the
area of cells 30 to 3%, there is a deposit 5 to 20 feet thick of
loose to medium compact gravelly silty sand and silty sand with shells
sandwiched in between the organic silt and the till. Within the river-
bank area, the organic silt is overlain by about 10 to 20 feet of man-
made fill consisting of loose to medium compact silty sand, sandy silt,
sandy gravel with varying amounts of cinders, bricks, and timber,

d. Northerly Arm. Profile 4-L on Plate 8-8 shows a generalized
soil profile along the northerly arm of the cofferdam. This reach of
cofferdam is on man-made land on the Charlestown side of the river
and which contains 10 to 20 feet of fill behind river walls. Some
of the fill was built on or against timber decks and platforms.
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The man-made fill consists principally of loose to medium com-
pact gravelly sand and silty sand interspersed with varying amounts
of cinders, masonry waste, wood and organic silty clay. The fill
overlies a 5 to 10 foot thick layer of soft organic silt.

The organic silt overlies a 5 to 10 foot thick deposit of
loose to medium compact gravelly silty sand and silty sand which,
in turn, overlies medium to very compact till. The till surface
elevation varies from about El. 80 to 95. The till deposit is 20
to 4O feet thick and it overlies bedrock. The till soil types are
described in subparagraph l9a.

e. Standard Penetration Resistance. The values of standard
penetration resistance ("N value) obtained from test borings were
used to help judge soil compactness and pile driving characteristics.
The data show the following "N" value characteristics.

(1) Till. The "N" value varies generally from 15 to over
90. The "N" value in the top few feet for the easterly reach is,in
general, between 15 and 25; and,for the westerly reach, between 25
and 80.

(2) silty Sand. The "N" value of the silty sand which is
sandwiched in between the organic silt and the till varies generally
from 5 to 25 and it is generally less than 10 in the river area and
occasionally, in limited areas, the value is less than L.

(3) Men-Made Fill. The "N' value of man-made fill materials
vary generally from 5 to 25 but it is occasionally as high as 70.

20. STAGE 2, COFFERDAM. Generalized soil profiles are shown on
Plate 8-9.

a. Easterly Arm. The easterly arm of the cofferdam extends
from the Large Lock to the Boston shore. Profile 5-5 on Plate 8-9
is a generalized soil profile. The river bottom elevations vary
from about 80 to 90 and the river area overburden contains a surfi-
cial deposit 5 to 15 feet thick of very soft organic silt.

In general, the organic silt overlies a 5 to 15 foot thick
deposit of loose to medium compact gravelly sand and silty sand with
shells which,in turn, overlies medium compact to very compact till.

The till deposit is about 10 to 30 feet thick and it overlies
bedrock. The elevation of the surface of the till varies from about
El. 65 to 85. The soil types in the till deposit are described in
subparagraph 19a.
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On the Boston shore area, there is man-made fill 25 to 35 feet
thick composed essentially of loose to medium compact gravelly silty
sand and silty sand inter-mixed with varying amounts of cinders,
coal dust and wood. The man-made fill was built on top of the or-
ganic silt deposit and has fully consolidated the organic silt.

b. Westerly Arm. The westerly arm of the cofferdam, like
the easterly arm, extends from the Large ILock to the Boston Shore.
Profile 6-6 on Plate 8-9 is a generalized soil profile. The river
bottom is at about El. 80, and the river area overburden contains a
surficial deposit of very soft organic silt 5 to 15 feet thick.

The organic silt overlies compact to very compact till except
that in the river bank area there is a layer 5 to 15 feet thick of
loose to medium compact gravelly sand and silty sand with shells
sandwiched in between the organic silt and the till.

The elevation of the surface of the till varies from about
El. 65 to 80. The till deposit is about 5 to 30 feet thick and it
overlies bedrock. The soil types in the till deposit are described
in subparagraph 19a.

On the Boston shore area there is man-made fill and the fill
materials are described in subparagraph 20a.

c. Standard Penetration Resistance. "N" values of various
soil types are essentially as described in paragraph 19e for the
Stage 1 Cofferdam foundation soils.

I. TREATMENT OF RIVER BOTTOM MATERIALS

21. GENERAL. The organic silt in the river bottom is considered
unsuitable foundation material and will be removed from within
cofferdam foundation areas except on shore areas where it underlies
excavation slopes of man-made fills which are to remain. The organic
silt will be removed completely from the foundation areas of the sheet
pile cellular cofferdams.

Underlying the organic silt there are occasional thin layers of
very loose silty sand with shells ("N" value less than 4) which will
be removed also.

The lateral extent of removal of river bottom materials are
shown on Plates 8-4 and 8-5. The vertical extent of removal will
be to the bottom of the organic silt and to the bottom of the afore-
mentioned loose material. Plates 8-7 through 8-9 show the estimated
depth of removal by the line denoting the requirement of "excavation
to firm material.” The contract plans and drawings will provide
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definite requirements in regards to horizontal and vertical extent
of these excavations.

J. STRUCTURAL DESIGN

22. PURPOSE AND SCOPE. This section of the design memorandum
presents the design, basic data and assumptions used in the struc-
tural design of the cofferdam cells and appurtenant structures. A
brief description of the structures with loading conditions is in-
cluded herein. The structural design including stability investiga-
tions of the cell are included in the appendix. The design of the
cells on till foundation was made by the same procedures that apply
to cells on rock.

23. DESIGN CRITERIA.

a. General. All working stresses conform to those specified
in the Engineering Mamual EM 1110-1-2101, "Working Stresses for
Structural Design" dated 1 Rov 63. Loading conditions, design
assumptions and other design criteria are based on the following
applicable parts of the Engineering Manual for Civil Works issued
by the Office of the Chief of Engineers: "Design of Pile Structures
and Foundation (EM 1110-2-2906) as amended by EC 1110-2-11k (same
title). Accepted engineering practice is utilized in cases where
the Engineering Mamuals for Civil Works do not apply.

b. Structural Steel. Steel sheet piling will be PSX32 and
conform to ASTM-A-572 Grade 50; Min. yield point stress will be
50,000 psi, basic allowable stress is 30,000 psi (0.60Fy). The
interlock strength will be 28,000 pounds per linear inch, but allow-
able interlock stress will be 14,000 pounds per linear inch (safety
factor of 2). Wales and Soldier Piles will conform to ASTM A-36
with minimm yield point at 36,000 psi and have an allowable stress
of 20,0001331 (O'BSFY)’ ’

c. Timber %&l__ng for soldier pile construction sheeting will
be Douglas Fir, Construction Grade, with allowable f is 1500 psi and

horizontal shear (H) is 120 psi which is in accordance with the
"National Design Specifications for Stress Grade Lumber and its
Fastenings" of the National ILumber Manufacturers Asseciation.

d. Comcrete. Not applicable.

e. Reinforcement. Not applicable.

f. Increase in Normal Working Stressés. Not used.
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2k, BASIC DATA AND ASSUMPTIONS.

a. Controlling Elevations of Cofferdam.

(1) Top of Cofferdam El. 116
(2) Top of Sheet Pile Cells E1l. 118
(3) Maximum Water Surface El. 115

(4) Maximum Tailwater (inside cofferdam) El. 67

b. Controlling Elevations for Stage 2 Interior Wall.

(1) Top of Sheeting El. 92

(2) Top of Saturated Backfill El. 90

(3) Minimum Till Sﬁrface ~ El. 68
c. loads.

(1) Dead Load. The following unit weights for materials
are used. '

(Unit Weight-1bs./cu.ft) Friction

Material Saturated Submerged » Angle
Max. Range Cell Fill (Case 1) i3h.2 70 30°
Min. Range Cell Fill (Case 2) 119.2 55 ' 30°
Du?gigggrgvginstr. Sheeting) 135. 70 30°
Till (In-situ) Foundation | 139.2 75 4o°
Sand (In-situ) Foundation (Same as for Cell Fill) | 20°

(2) Live Loads. The following live load is used:
Water taken at 64.2 pounds per cu. ft.

d. External Water Pressure is assumed to act over the entire
area in question under the full head available. Uplift is assumed
to have the same intensity and shape as indicated by the saturation
line except acting in opposite direction.
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e. External Earth Pressures are determined in general accord-
ance of the applicable parts of EM 1110-2-2502, "Retaining Walls"
and EM 1110-2-2906 with amendments.

£. Parthquake Forces. Not applicable.

g. Ice Pressure. Not applicable.

h. Wind Pressure. Not used.

i. Wave Pressure. Not used.

j. Frost Protection. Not applicable.

25. SHEET PILE CELLUIAR CELLS.

a. The cells will utilize PSX32 piling using the standard
layout for 50 feet diameter cell and 90° connecting arcs. Since
no substantial berm exists on the interior of the cofferdam, extra
grade steel (50,000 psi) is required to develop an allowable inter-
Tock stress of 14,000 pounds per linear inch. The following minimum
safety factors are provided:

(1) Tilting 1.25
(2) sliding 1.00
(3) Vertical Shear 1.25

b. Closure. Construction procedure requires a 2 stage coffer-
dam. The first stage is U-shaped assemblage of cells with closure
formed on the north side by an earth embankment. The second stage
is formed by 2 cellular walls, one on the east and the other on the
west side; the south side is closed by an earth embankment and north
side is closed by the large lock monolith with embedded sheet pile
and exposed interlock to accept closure by comnecting arcs of the
east and west cellular walls.

c. Weep Drains. Cell drainage will be provided on the inside
wall of cells at locations shown on Plate 8-6. The weep holes will
be installed as the cofferdam is dewatered and will be constructed
by burning a 2 to 3 inch diameter hole which will be enclosed on
the outside by a half-round steel basket tack-welded against the
face of the sheeting. The basket will pe filled with crushed stone
as soon as the hole starts to squirt water either after burning or
after burning and rodding, This type of weep hole has been used
successfully by a local contractor.
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d. Loading Conditions. The following loading conditions were
investigated in the design of the cells:

(1) ILoading Condition No. 1. Water to El. 115, cell fill
saturated to E1. 118 ocean side to bottom of cell (E1 67) on coffered
side.

(2) Loading Condition No. 2. Water to El. 115, cell fill
saturated to E1. 118 ocean side and sloping to El. 94%.5 on coffered
side.

(3) Loading Condition No. 3. Omitted (no insitu over-

burden).

(4) ILoading Condition No. 4. Water to El. 115, cell fill
saturated to E1. 118 ocean side and sloping to El. 112 on coffered
side.

(5) Extreme Condition. Water to E1l. 117 in lieu of El. 115
for Loading Condition Nos. L, 2 and Ut using minimum range (Case 2)
cell)fill (shown only to indicate extent of reduction of safety fac-
tors).

e. Under all conditions of loading, it is found that the cell
safety factors are equal to or better than required with the excep-
tion of the extreme condition sliding safety factor for Loading
Conditéon No. 4 which is improbable since 100 year design storm is
El. 116.2.

K. SIOPE STABILITY

26. GENERAL. The earth cofferdam slopes are 1 on 5 on the inboard
side and 1 on 3 on the outboard side except for a short reach in
Stage 2, Cofferdam which due to confined space, the slope is 1 on 3
slope above E1. 90.0. The 1 on 3 outboard slopes are considered
stable based on previous analyses shown on DM 4, EMBANKMENTS AND
FOUNDATIONS. The earth dike cofferdam material will be the same
type gravelly sand - sandy gravel material specified for the perma-
nent embankment. Slope stability analyses also include analyses of
the cut slope on the west side of the Stage 1 Cofferdsm on the
Charlestown shore, and the cut-fill slope inside the Stage 2 Coffer=-
dam on the Boston shore.

27. EARTH COFFERDAM SLOPES. The inboard earth cofferdam slopes
were analyzed for the unwatered condition. Plates 8-12 and 8-13
show the results of analyses. Shear strength parameters and unit
weights used in the analyses were selected from DM No. 4 data and
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are shown on the aforementioned plates. The crushed stone fill on
1l on 3 inboard cofferdam slope in Stage 2 westerly arm and on the
1l on 5 slopes, was added for slope stability and seepage control

purposes.

MINIMUM
SECTION ANALYZED SAFETY FACTOR
Cut-Fill Slope - Boston Shore 1.53
(Plate 8-12)
Earth Dike Slope - Stage 2 1.65

(Plate 8-13)

28. CUT-SIOPE CHARLESTOWN SHORE. The outboard cut-slope on the
Charlestown shore required for the removal of organic silt in cell
foundation area was analyzed for the condition of low tide and fully
saturated soil above low tide elevation. (See Plate 8-11). The
minimum safety factor thus obtained is 1.44. This analysis is ap-
plicable also for the northerly arm of the cofferdam.

L. UNWATERING, PRESSURE RELIEF AND SEEPAGE CONTROL

29. UNWATERING. The water level inboard of the cofferdam will be
dropped at a rate of not more than 2 feet per day. This maximum
rate of drop is considered a practical rate based on local experi-
ence in comparable situations.

The rate of unwatering may affect the rate of drop of the
saturation line inside the cells proper and on the hydrostatic
pressure in the bedrock in the inboard area. Cell saturation line
and uplift pressures in the bedrock will be observed during the un-
watering by means of observation wells and piezometers. See Plates
8-k, 8-5, and 8-10 and paragraphs below.

The unwatering rate will be controlled, if necessary, to reduce
excess uplift pressures in the bedrock and to control lowering of
the saturation line inside the cells.

30. SEEPAGE CONTROL.

a. Earth Portion of Cofferdams. Op the Charlestown side of
Stage 1, Cofferdam, & steel sheet pile cutoff wall has been provided
to control seepage. The cutoff wall extends continuously from the
westerly arm of the sheet pile cofferdam to the easterly arm. The
tip of the wall will penetrate either the organic silt or natural
silty sand which underlies the man-made fill or the earth cofferdam
£il1l. Cutoff wall locations and profiles are shown on Plates 8-k,
8-5, 8-7 and 8-8.
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On the Boston side of Stage 2 Cofferdam, seepage cutoff walls
have been provided extending from the ends of sheet pile cells to
shore, but full closure was considered not practical because of
drilling experience and historical data indicates that the man-made
£i11 in the abandoned ramp area may contain large granite blocks and
boulders which may obstruct the driving of the piles. Therefore, be-
cause of the discontinuity of the cutoff wall (and for slope stability
purpose), the inboard dike slopes will be covered with crushed stone
fi11 to control seepage below E1l. 110.0 along the westerly arm and
below E1. 95.0 on the remaining slopes. Cutoff wall locations and
profiles are shown on Plate 8-9. The contractor will be required to
control interior seepage by any means necessary to maintain all areas
dry and stable.

b. Cell Cofferdams. In general, the sheets of the cells will
be driven from 3 to 5 feet (and possibly less) into the till. Since
the penetration will be small, a gravel berm will be placed along the
entire inboard perimeter of cells (prior to unwatering) for the pur-
pose of controlling exit seepage at toe of cell and for protecting
the cell toe ares against seepage erosion. The berm will be machine
shaped as shown on Plate 8-4 after the area is unwatered.

In two limited reaches, all or a portion of the gravel berm
mist be removed for the construction of portions of the large lock.
In these reaches, interior drains utilizing 3/4 inch stone will be
constructed within the cells and arcs adjacent to the inward face.
These interior drains will be drained by means of l-inch diameter
holes. The holes will be spaced on h-inch centers for a 5-foot total
height on two sheet piles per circular cell and one sheet pile per
interconnecting cell. The holes will be cut in each sheet pile be-
fore driving. During the removal of the gravel berm, the effective-
ness of the interior drain will be examined.

31. PEESSURE RELIEF, The boring data indicates that there are
fractured zones in the argillite bedrock beneath the impervious till.
The fractured zones can very well provide direct seepage path across
the rock on both sides of the cofferdam and reflect full river head
inside the cofferdam. The bedrock is covered by the relatively very
impervious till which will prevent release of excess hydrostatic
pressure in the rock and possibly create an unstable foundation condi-
tion in areas where the total overburden weight is not large enough
to counteract the uplift pressure.

Hydrostatic pressure relief in the bedrock along the entire in-
board cofferdam perimeters is considered necessary and a bedrock
water pressure relief system will be constructed as part of the re-
quired work.
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The system will consist of relief wells spaced 20 feet apart,
h-inch minimum inside diameter extending 25 feet below the rock

surface.

Air activeted diaphragm type piezometers will be provided to
monitor relief well operation and to determine if additional pres-
sure relief measures are necessary during cofferdam unwatering and
prior to excavation below the organic silt for foundation of perma-
nent structures (which will not be done until it is determined thet
the pressure relief system is adequate).

Some of the relief wells in Stage 2 Cofferdem along the westerly
arm of the cofferdam will require pumping from within because their
discharge points will be too far above the adjacent required founda-
tion excavation area. (See Plate 8-5).

Relief wells will be kept operational until the work is com-
plete and the cofferdam area is flooded.

After flooding of the cofferdam area, all but thirteen of the
relief wells will be plugged with cement grout so as to prevent
piping type of erosion in the foundation. Relief wells not to be
plugged are the ones too far from permanent structures to cause
damage. (See Plate 8-4). ILocations and details of relief wells and
piezometers are shown on Plates 8-4, 8-5 and 8-10.

M. AVAIILABILITY AND CHARACTERISTICS OF FILL MATERIALS

32, CELL FILL MATERTALS. Cell fill material is commercially avail-

able from natural deposits located within a haul distance of 20 miles
by truck and 7O miles by rail from the project site; however, local

experience to date indicates that rail hauling is not competitive for
quantities smaller than one-half million yards.

Cell fi11 materials will consist of natural gravelly sand, sandy
gravel or sand. The specifications will permit the use of gravel fill
and gravel berm materials. (See para. 33 below). In addition, it
will permit the use of well graded sand containing at least 10 percent
by weight of particles retained on the No. 16 sieve and not more than
10 percent of particles passing the No. 200 sieve.

33. GRAVEL MATERIALS., Availability and characteristics are as de-
scribed for gravel materials in DM No. 4, EMBANKMENTS AND FOUNDATIONS.

a. Gravel Fill. The gradation is identical to that of the
gravel fill material for the permanent work.
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U.S. Sieve Per Cent Passing

Designation by Weight
6 inch 100
2 inch 75-100
1 inch 50-85
No. &4 40-70
No. 40 20-50
No. 200 0-8

b. Gravel Berm. Gravel berm material will be graded as above
for grawvel fill except for the following deviation:

No. 4 30-50
No. kO 10-35

34. ROCK MATERIALS. Availability and characteristics of protection
stone and crushed stone are as described for Protection Stone in

DM No. 4, EMBANKMENTS AND MATERIALS and as for coarse concrete aggre-
gate in DM No. 3, CONCRETE MATERIALS.

a. Type I, Protection Stone. Well graded quarried rock graded
from 5 to 300 pound sizes.

b. Crushed Stone Fill. Gradation and quality will equal to that
required for coarse aggregate for portland cement concrete. The crush-
ed stone fill and interior drain materisls will have a maximum size of
1-1/2 and 3/4 inches, respectively.

N. CONSTRUCTION CONSIDERATIONS
35. EXCAVATIONS.

a. River Banks, To insure stability during construction the
specifications will require that the excavations for the bypass
channel on the Boston side and for the removal of the organic silt on
the Charlestown side will be done in such amanner that at no time
will the slopes be steeper than final slopes.

b. Cofferdan Foundation Areas. Organic silts, very loose silty
sand (in areas where boring data show "N" velues less than L) and
sandy silt will be removed prior to construction of the cofferdams.

¢. Foundations of Permsnent Structure. The excavation for the
foundation of the permanent structures (except for the removal of
orgenic silt) will not be done. until the areas are unwatered and the
piezometer readings show that there is no excess water pressure in
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in the rock. In the inboard area of Stage 2 Cofferdam, the gravel
i1l in the area east of the cofferdam interior wall will not be

excavated until said wall is installed.

d. Bypass Channel. Bypass channel excavation and placement
of protection stone will be completed prior to construction Stage 1
Cells. The excavation below El. 106 in the Bypass channel area ad-
jacent to the twin piers of the J. F. Fitzgerald Expressway Bridge
will not be done until the protective steel sheeting around the piers
is installed.

36. CELL FILLING. Intercomnecting arc cells will not be filled

prior to filling of adjacent circular cells. The contractor will

not be restricted to any specific method for placement of cell fill
material. Dike earth fill material will not be placed against empty cells.

37. EARTH COFFERDAM., The dumped and compacted gravel fills for
earth cofferdam embankments will be placed as required for perma-
nent gravel fill embankments. The dumped gravel fill will be placed
by methods which will produce the most dense and nonsegregated fill
that can be expected by methods when placing in water. The specifica-
tion will require a sequence of construction that will insure no
failure of the abutments (excavation and/or existing fill slopes
against which fill is placed) due to fill placement. The following
procedure for placing dumped gravel fill will be required. The
dumped gravel fill below elevation 90 will be placed either by dis-
charging from a bottom dump barge or by lowering a skip or bucket

to the earth or fill surface and discharging at that elevation. It

is expected that both methods will be used. The material will be
placed uniformly over the entire fill area and the elevations of the
top of the uncompleted £ill (exclusive of exterior slope) will not
vary by more than 10 feet. The above placement procedure may be used
for dumped gravel fill between elevations 90 and 105. The contractor
may place dump gravel fill material between elevations 90 and 105,
where possible, by extending the fill from the abutment with the top
of the fill at elevation 105. The material shall be dumped on the
surface at elevation 105 near the edge of the horizontal surface and
pushed over the edge with a bulldozer or similar equipment. The con-
tractor will be required to excavate fill, place fill, and trim, as
necessary to shape the exterior slopes and surfaces to the lines and
grades shown on the drawings.

38. STEEL SHEET PILING.

a. Cofferdam Cells. Pile length estimate is based on the assump-
tion that steel sheeting will penetrate 3 feet below the surface of
the till on all areas except in cell areas across the easterly arms
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of both cofferdams where the penetration is assumed to be 5 feet
below the till surface. Penetration depths were selected on the
. basis of local experience. The contractor will be given the
ordering pile lengths and as a result of large variation in the
+£i11 surface beneath many cells, the contractor will be required
to drive all piles until the butt elevation is at El 118, unless
modified by the Contracting Officer.

The steel sheeting will be installed with the aid of a double
deck template. To avoid "toe-in" or "toe-out" and permit easier
driving, all sheets will be laced and set prior to start of pile *
driving and the sheets will be driven progressively deeper (at
increments) along the full circle or arc.

Prior to filling of the cells with cell fill material, the
interiocks will be inspected by diver and sheeting with open or
torn interlocks will be removed and replaced.

b. Cutoff Wall. The steel sheet pile cutoff wall within any
embankment will be installed after construction of the embankment.

c. New Protective Steel Sheeting. The new protective steel
sheeting will be installed prior to excavation below E1 106 in the
Bypass channel excavation area adjacent to the twin highway piers
they are to protect. For ease of installation, the contractor will \
be allowed to excavate to the E1l 106 adjacent to the piers immediately
before installation of sheeting.

The purpose of the sheeting is to protect the foundati on of the
piers against erosion.

39. STAGE 2 COFFERDAM INTERIOR WALL. The Stage 2 cofferdam interior

well Will be installed after unwatering of the cofferdam but prior
to excavation in the lock foundation area adjacent to the wall.

40. COFFERDAM SURVEILLANCE AND SAFETY FEATURES. Requirements for
contracior surveilience and operation of the cofferdam will be stated
in the contract documents. Mevement monitoring procedures, alarm
systems, personnel escape facilities and flooding criteria will be
stipulated and enforced.

a. Movement Monitoring Procedure. Movement monitoring proce-
dure will consist of requirement for reading horizontal and vertical
movements at observation points set up on top of the cells. Readings
will be taken prior to unwatering, during unwatering and at set in-
tervals after unwatering. The diameter of the cells will also be
measured as part of the movement monitoring procedure.
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b. Alarm System. An alarm system will be provided and proce-
dures for rapid personnel evacuation will be set up as a contract
requirement.

c. Escape Facilities. Escape ladders will be provided at
eight cells in Stage 1 Cofferdam and two cells at Stage 2 Cofferdam.
In addition, two escape ladders will be provided at the inboard
face of the large lock in Stage 2. '

0. INSTRUMENTATION
41. GENERAL. Instrumentation will include the following:

a. Piezometers. Air activated piezometers will be used to
measure water pressure in the top few feet of bedrock.

b. Observation Wells. Observation wells will be of the open-
type vertical standpipe with screened tips. Observation wells will
be used to measure the saturation line inside selected cells.

¢. Movement Monitors. Cell movement observation points will
be set up on top of each circular cell to measure horizontal and
vertical movements, and to measure any change in the cell diameter.

P. COST ESTIMATE
L42. GENERAL. The total costs for the cofferdams including the

excavation for the bypass channel and 11% for contingencies is
$4,845,000. A detailed cost estimate is shown in Table 1.
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Description

A. Stage I Cofferdam

Cofferdam Excavation

Sheet Piling

Cell and Gravel Fill

Dewatering

Relief Wells
Piezometers
Observation Wells
Removal of Cell and
Gravel Fill

Sheet Pile Cutoff Wall
Sheet Pile Protection
Bent 1.

Fendering and Dolphins
Obstruction Lights

Subtotal

B. Stage II Cofferdam

C. Bypass

Cofferdam Excavation
Sheet Piling

Cell Fili

Dewatering

Relief Wells
Observation Wells
Piezometers

Removal of Cell Fill
Sheet Pile Cutoff Wall
Cofferdam Interior Wall

Subtotal

hannel

Excavation
Class I Protection Stone
Removal of Protection
Stone
Subtotal
TOTAL COFFERDAMS

Contingencies

TABLE 1

Quantity Unit
66,000 c.y.
L 450 Ton
107,000 c.y.
1 Job

79 ea.

6 ea.

12 ea.
80,000 c.y.
6,300 s.f.
3,000 s.f.
1 Job

1 Job
12,300 c.y.
1,120 Ton
26,000 c.y.
1 Job

2L ea.

3 ea.

3 ea.
20,000 c.y.
16,100 s.f.
1 Job
30,000 c.y.
7,000 Ton
7,000 Ton

TOTAL

Unit

$ 3.50
450.00

k.55

L.S.
1800.00
4200.00
700.00

$ 3.50
220.00
2.25
L.S.
1700.00
700.00
2500.00
2.10
3.90
L.S.

$ 3.50
8.00

L.00

Estimated
Amount

$ 231,000
2,002,500
486,800
420,000
142,200
25,200
8,400

168,000
25,800

13,500
18,000
6,000

$3,547,400

$ L43,050
22l 600
58,500
110,000
40,800
2,100
7,500
42,000
62,790
36,400

$ 627,740

$ 105,000
56,000

28,000

$ 189,000
$4, 364,140
480,860

$l, 845,000
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RELIEF WELL COVER-TYPE T

ol

N

vy
L
=4
s Z
[N Y
7 7
MNEZ IR
107
S 4 W

X

RELIEF WELL

|

NOT TO SCALE

TTY *W‘[Wafe"r surtace at tune of mstailation

————Temporary workimng casizg. /0! id, to be removed

as il is being placed around riser pips. [\

-~ Upper steel nser pipe, 4'1d, o be removed

(5ee detarls "A" £ "B" for well covers

/ Stee! 4" threade d pipe Coupliig.

%Graund surtace at Fune of installation
a— Strap iron spiders
\————Lower steel riser pipe, 4”/d.

P Cempent grout back#s 1/

A WMortar sand seal
e ——357Frap won spiders

o Filter sand
/7: of vedrock

%p

A —— Well screen 4"o0.d., gpen bottor,

plastic pipe screen, 30 s/0F

Tapered section 5'0.d.

Open rock hole 4" min. dia. (uncased)

Stee/ sheet galv. 14 ga., welded
7o end of corrugated pipe

8" dia. corrugated galv. pipe.

Z2°x " strap won brackets. 3 spaced
evenly arowsd inside of pipe, welded
or riveted. (see tsometric view)

Steel 4" threaded pipe coupling

After shaping berm, revise Top of werl
: 1o be 2.0 above ground surface.

!
N\ Cement grout back#:i//

o)
St Lower section of 4”10

y Inital surtace at tme of mstatlation.
‘_<_-—77/£‘

i steel riser pipe.

Note
Type I, retief well covers shull

§

DETAIL "A"
NOT TO SCALE

be employed on wells ocated
outside cofferdam grave/ bern

RELIEF WELL COVER-TYPE II

Cast iron plug galvanized, vented
Steel " pipe coupling
Concrete plug
Top of cell i1l

2 = .
L — Steel ppe cap, 1%’ galvanized vented
(see detar) "C*)

Steel pipe coupling, galv, /%"

e -9

Steel p/p-e, G 1d., std.
(protective pipe)

:--:J,./-F//fer sand

Varrable distance

Steel pipe, galvamzed, 1’4" 1d, 51d.

Well point, 1% plastic ppe screen, 20 s/of:

O#tawa sand.

OBSERVATION WELL

NOT TO SCALE

Steel sheet galv, I4ga., welded To end of 8" corrugated pipe
b 8"dia. corrugated galv. pipe

Steel! 4" threaded ppe coupling

Discharge drain, corrugated steel ppe, G'dia, galv,

Discharge dram to extend 70 ft from & of cell

s h S/eeve to Fit €"dia carru;m;‘ez/ pipe
\\L ower secton of 4°1.d steel riser pipe
\ Cement grout back#ill
3°x Ya” strap wron brackets, welded to outside bottom of 8" corr. pipe
3 brackets epually spaced 90°apar? fron: drscharge pipe.

ote:

Type II, relief well covers shal) be employsd
DETAIL "8" on wells located under the cofferdam grive/ berm.
NOT TO SCALE

/8 ga., welded 1o 6"dra. "T" branch at bottom of 8" corr. pipe.

NOTES :

| Locatron of relref wells, observation wells § piezometers
are shown on Plates 8-4 § 8-5

2. Prezometer wil/ be of the pneumatic diraphtagm Fype

3 Relief well covers witl be mnstalled immedrately upon completron
of wells.

4 Relief well cover Type IL will be nstalfed upen completion of
wells located within foundation area of cofferdam grave/
berm § Type I covers wilkbe installed at all other relret wells.

10"

OBSERVATION WELL

N

Cast iron plug, galv. 6" square head with

Eb‘\_ﬁ‘eel pipe coupling, 6" ).d. std.

—_Stee/ pipe coupling, gatv, 1%"
CNT———3Steel pipe, galv, 1% 1.d. std.

S Filter sand

~———357ee/ pipe, 6" 1.d. 51d

DETAIL "C"
NOT TO SCALE

2, Y drilled vent holes

Concrete plug

Cast iron plug, galv, ) %" square head with
18" drilfed vent hole.

(protective pipe)

za/sfe] Note revised

REVISION DATE
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ELEVATION-FT(MDC)

ELEVATION-FT (MuC)
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NN
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Eust Fill

(1)
(2)

ARC

FACTOR

OF
SAFETY

1.68

.95

148

1.50

|| DN —

144

.52

Sand

nn

SECTION R-R

SCALE 1"=20"

FIG 2-SUMMARY OF STABILITY ANALYSIS

|, Cofferdam Cell

Organic 51/1

_£1.80
10 Sand
T S , :
FIG I-SECTION R-R
SCALE 1"'=20
Center of Critical Circular Arc
4 < bl he X
H=yBase * T Base

« ¥ Base < G2.4 /bs/Cuft
PN\ <

Assumed Failure Arc

FIG 4-TYPICAL VECTOR DIAGRAM

NO SCALE

(b) NORMAL_AND TANGENTIAL FORCE DIAGRAM

DRIVING FORCE
57620 x 10x10x 62.4:38.6 Kips

RESISTING FORCE
CT+ZNTan$

c600x88+0.70 x10x10x62.4x.65
= 528+28+: 55.6 Kips

SAFETY FACTOR
Resisting Force _ 55.6 -4
Driving Force = 38.6 ==

A

REVISION

DATE

-

DESCRIPTION 132
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Cepter of Critical Circular Arc — (5)
gaise.
L=38"
120~
r
\ 0 ) :
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£ / :
= 100 Fl & _ 71.. ]
o \
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o s !
5 90- \ < .
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w Silt \
| \ |
W ogo- | e
L —
7ol Tiil
‘ () VECTOR DIAGRAM — CASE I—END OF CONSTRUCTION
: SCALE 1"=10' T
‘FIG 3-CRITICAL CIRCULAR ARC ANALYSIS
|
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|
NOTES:

| See Plate 8-12 for design values

2 locatron of Setien R-R show on Flate 8-4
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ELEVATION FT (MDC)

ELEVATION FT (MDC)

FACTOR VECTOR DIAGRAM "= 20x62.4 = /.25 KIPS ,
@ (%) ARC FORCE DIRGRAM-17'= 20X20%82.4-= 25.0 KIFS Ne=0.207
/ N\ N | or Ky s 4.50°"
s/ SAFETY DRIVING _FORCE
/‘\\ (2) ' 165 ST =2307%X25.0 Kips/sq.-/n-= 8 7.8 Kips
/&\ 2 161 RESISTING_FORCE = IN tan. $tcl’ , .
(3) 3 159 Fill=1.377x25.0% .65 =255 kips i
‘3’\ 2 2.08 Organie Silt = 4.50 x (b) NORMAL AND TANGENTIAL FORCE DIAGRAM
/ ez 5 67 25.0% #66+99 X0 = , o
2(6) J/ AN . 153 52.5+ 9.? ‘ =62.4K{p$
, / N 7 .80 Total Resisting Force =879 Kips
7 .
w? SAFETY FACTOR
/ O\ SF=879 = /.53 (e)
$7.5 : Center of criticol i
cireular are
120
100
120
(&) - - - X -
g Z_pssumed saturation Jine. -
80~ 2
=100 /
w
L 5
60 =
l:[ 80 — /
e
FIG. 2 — SUMMARY OF STABILITY ANALYSIS 2
6oL
(a) VECTOR DIAGRAM-CASE ¥ -STEADY SEEPAGE
120 — SCALE I"=20
- T o :
Existing i1l Assumed saturation line FIG.3—CRITICAL CIRCULAR ARC ANALYSIS
100 -
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Frafect! Cravel Fill MATERIAL : ' Q-CONDITION R-CONDITION S-CONDITION _ |Rts)/2
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COMPACTED & DUMPED| 35 135 7 35 o 35 o 35 0 S -
Silty Sand
6oL — EXISTING SAND FILL 1o 1o 476 33 0 33 0 33 ) - -
/ - B
ORGANIC SILT 95 95 326 - 600 - 14 200 36 o 25 | 100
& - - T
FIG. 1= SECTION A;CQLESI_AZ%E 2 COFFERDAM SILTY SAND 1o 1o 47.2 33 0 33 o 33 ) - |-
FIG. 6 — DESIGN VALUES
) GUO
h¥ kb 2 ;
H= Jonse * Sonse ‘)(b 0 K|P5I5
20,
nse = G2.4Wcu- . C2
Jﬂ * GZ /al i z 25 C /VOTE REVISION DATE DESCRIPTION - 8y
— 9 » /s /. location of Section A-A 3hown on Plate &-3
— T~~Saturaton Line z (RE 2 KIP2L ! DEPARTMENT OF THE ARMY
. o 10 145 = NEW ENGLAND DIVISION, CORPS OF ENGINEERS
zZ, R&: B . WALTHAM MASSACHUSETTS
zo 8 Composite ‘ OES. BY | OR.8Y | CK. BY EVELOPMENT PROJECT
69 g Envelope GRAPHIC SCALES ne WATER RESOURCES DEVELOPMENT
a - -_— "
-8 ' ' S el CHARLES RIVER DAM
w4 0 e ———d O [T
/( z C et : ‘ [APPROVAL RECOMWEWDED: | STABILITY  ANALYSIS
. = . R .
Assumed Failure Arc o Usel . yse Rys) )z | 518)0 o °| | 1250 24|0° ——— BOSTON SLOPE
- 0 2 4 6 .8 10 12 1250 b E e ——— - CHARLES RIVER BASIN MASSACHUSETTS
; / NORMAL STRESS, KIPS/SE - _.‘._L_m_w:_ € — PATE
. j E M}' En R .
FIG. 4-TYPICAL VECTOR DIAGRAM FIG. 5—COMPOSITE STRENGTH ENVELOPE-ORGANIC SILT [SCALE:ASSHOWN| SPEC. NO. |

NO SCALE

FOR CASE ¥ STEADY SEEPAGE ANALYSIS

T=230°"

DRAWING NUMBER

SHEET
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an

T=1.70 .,
DRIVING FORCE / W= 4.00"
£7:= 0707 x25.0 tips/? = 42.5 Alps
RESISTING FORCE
EN Ton B= 400725 kjps/"'x . 7= 70.0 Kips

—~———>

FACTOR of SAFETY = 70.0Kjps/42.5 1ps= /.65
b TANGENTIAL AND NORMAL FORCE DIAGRAM

~
o

r Design

High Water _ _w___ F1 /5.0

3
T

Phreatic Lin

3
o
T

£1.90.0

®
o
T

ELEVATION FT. (M.D.C)
©0
o

~
(=]

a VECTOR DIAGRAM

FIG 4- CIRCULAR ARC NO 3

DRIVING FORCE
ET=2877"%25.0 Kips/?" 64.2 Kips
RESISTING FORCE
EN Ton $:6.55 %250 Kips/x.7=1/4.5 Kps
FACTOR of SAFETY=1/4.5 Kjps/64.2 #jps = /.78

T=2.57°"
N=6.557"

b TANGENTIAL AND NORMAL FORCE DIAGRAM
oW

©
o
1

S
T

=]
S
T

©
o
T

ELEVATION FT. (MDC)
0
(=

~
[=]
r

a VECTOR DIAGRAM

FIG 3 ~CIRCULAR ARC NO 2

M6 757"

{ 0)1/.0/7'/0/1/ /- /V//aﬂi slope at Foe

T 285"

o0

N, =8.00

7:2.40°"

DRIVING FORCE  Summatior of tongental forces
£7,:2.40x25.0 =60.0 fips

RESISTING FORCE = Surmmation N Ton #+CL

EN Ton Pz 8.005250%0.20= /90 K/ps

FACTOR of SAFETY = Resisting /-”orce/ Lriving Force
FS = /40/60.0 = 2.33

eor v £L115.0

110}
CONDITION 2~ W/Stage 2 interior cofferdam Phreatic Lin
wall 1 place and grovel F1// removed from Toe area

behind Stage £ Interior CoFterdanm wall

100

DRIVING FORCE Sor

£7, 7 2865x25.0 =712 Kips 80t

RESISTING FORCE

ELEVATION FT, (MDC)

£1.80.0

ENy Tand = 6.75x25.0x0.70 =//8.0 A7ps

70[
60

£8.:118.0/7.2 /.66

a VECTOR DIAGRAM

FIG 2 ~CIRCULAR ARC NO |

£1.90.0

200
F1.116.0— [;——“

Compacted Gravel/ Frl/

120

—Stage 2 interior
cof ferdam wal/

_ g
g. 10} 3 ~c) /050\\ Crushed Store Fil/
100} X
= Cofrerd:
T Dumped Grovel Fill L£1.90.0 P/\Sfage 25//7)‘61‘/0/‘ of rerdam
=z °°F Are 3 — - 1/
= Fxcovate to Firm Materio/ Arc Z ££.60.0
'é 8or s A
W 7op Vorsable Sands . 7il!
o -
oo 777
Fsat = /35 Lbs/Cu fF FIG | SECTION B-B
g= 35°
Cc=0 .
FBose = 6€2.5 LbsHy. A
NOTES REVISION | DATE DESCRIPTION 0
/. Section B-8B location shown on Plate 8-5
2. See Plate §-12 for design values. DEPARTMENT OF THE ARMY
3. WECTOR DIAGRAM 10 Dvision, CoRre Eneneers
linch <20 x 62.5 x /1000 = 1.25 Kips MASSACHUSE
DES. 8Y DR. BY CK. BY

4 FORCE DIAGRAM

GRAPHIC SCALES
1 59.1nch < 204 20 x 62.5 < /1000 = 25.0 Kips -

2o 28 o . 20 40'
|25|% o lzzlsd 2400
. 1000° .
STABILITY ANALYSIS-SECTION B-B STAGE 2 COFFERDAM 1= 1250 Ibs e

CASE V- STEADY SEEPAGE

A.H.
SUBMITTED:

[ ARCHITECT - ENGINEER |

APPROVAL RECOMMENOED:

WATER RESOURCES DEVELOPMENT PROJECT

CHARLES RIVER DAM
STABILITY  ANALYSIS

REVIEWED:

APPROVAL RECOMMENDED!

IEF BR.

STAGE 2-EARTH DIKE COFFERDAM

CHARLES RIVER BASIN MASSACHUSETTS
APPROVED DATE.

CHIEF _ENGINEERING DIVISION

SCALE:AS SNOVI'_#] SPEC. NO.

DRAWING NUMBER

SHEET

PLATE 8-13



" LOADING CONDITIONS

LC!  MAX. WATER ELEV,

INBOARD.

INBOARD SIDE.

SURCHARGE,

OUTBOARD SIDE.

CELL FILL SATURATED FROM TOP OF
CELL OQUTBOARD TO BOTTOM OF CELL

LC2 MAX. WATER ELEV. OUTBOARD SIDE.
CELL FILL SATURATED FROM TOP OF
OUTBOARD ON A ION2 SLOPE TO

LC4 MAX. WATER ELEV. OUTBOARD SIDE,
CELL FILL SATURATEDTO TOP OF

CASE) WEIGHT SATURATED CELL FILL IS
134.2 LBS/CUFT. WEIGHT SUBMERGED
CELL FILLIS70.0 LBS/CU.FT.

CASE 2 WEIGHT SATURATED CELL FILL IS
119.2 LBS/CU.FT. WEIGHT SUBMERGED
CELL FILL IS 55.0 LBS/CU.FT.

Outboard Jnboard | Outboard /nboard
2V / 1,118
5 | ELI | s &
\ = ~~$Saturation
\ ~0 lne
\é'aluraf!'on N /
N, fine v ~Jmses

~

LOADING CONDITION NO. |

LOADING CONDITION NO. 2

HORIZONTAL SHEAR *
ANALYSIS EQUATION
- S — CASE | CASE 2 CASE | CASE 2
TING ISTANCE
OF CELL FILL Mg= E£(Fixvi) 1057.25 FT-K 890.54 906 .62 739.91
APPLIED FORCES Puz L 5 HG 73.96 K 73.96 73.96 73.96
AND
Mg = Pwx Hw
OVERTURNING MOMENTS o WX_3_ 1183.33 FT-K 1183.33 1183.33 1183 .33
i P=GELL PRESS,
TILTING RESISTANCE | OnNBOARD SIDE 58.12 K 51.62 74.32 67.82
OF INTERLOCK FRICTION | M= .3xPxE 683.18 FT-K 606. 82 873.59 . 797 .23
SAFETY FACTOR
Ny = Mpx Mg
AGAINST TILTING TR 1.47 1.27 1.80 1.30
SLIDING FACTOR
SSF=_tandx £V 1.59 1.36 1.32 1.09 -
OF SAFETY w
PILE INTERLOCK TENSION
ENSION 14 @ (=PxLxsec® 7.19 KLI 6.39 10 .90 10. 10
AT BASE OF CELL 12
VERTICAL SHEAR
ANALYSIS -
DRIVING SHEAR Q’% 45 30K 45.30 45 .30 45 .30
CENTER SHEAR i 46 44 ;
RESISTAN('Z\IED CELL FILL S,=Pgxtang 53.20K . 43.30 36. 55
A i
FRICTIONAL RESISTANCE . T 25,56
OF SHEET PILE INTERLOCK | St TR 2277k 3144 28.23
SAFETY FACTOR 5,xS 1.8 1.59 1.6 1
AGAINST FAILURE 6= 2ot s *

K ALPHABETIC SYMBOLIC FORMULATION
“IN ACCORDANCE WITH EMIIIO-2-2906

AND EC1110-2- 114

Connecting arc

PSX32piling

o0 a2
A\ R o
ﬂ/{/ 326 o 8 ¢ F Cotferdam

§ Z=4,5f' 4
NBijess? N T __

+_

2V_ _ _=_NET WEIGHT OF CELL FILL

Y= 53.53" Y= 53.53'
Main celi PSX32 piling ="
(total No. =108 exclusive
of connectors) PLAN
CELLULAR COFFERDAM
DESIGN SECTION
SCALEI=10-0"
CELLULAR' COFFERDAM DESIGN DATA
M_ _ _ =HEGHT OF CELL . _ __=_ __5l.0___FEET
D__ _ =DIAMETEROFCELL________ ____ _=_ __49.026 FEET
£ _=_EFFECTIVE WIDTH OF CELL oo = __39.184 FEET
Y— —_=6T0% DISTANCE OF CELLS_ _ _ _ ___= ___53.53 FEET
Ko_ __z COEF. ACTIVE EARTH PRESS__ . < ___0.333
WW_ _ = UNIT WEIGHTOF WATER__ _ _____ ___ _=____64.2 LBS./CUFT.
@_ __ = ANGLE OF REPOSE CELL FILL___ __ = _ _ _30.0 DEGREES
toan @__= COEF SLIDINGFRICTION ____ = _ _ 0577
t max— =MAX. INTERLOCK TENSION__(1) ___ = 14.0 K/LIN.IN (ALL)
Ny.Gs—=FACTOR OF SAFETY AGAINST TILTING = _I.25 MINIMUM
SSF__ = FACTOR OFSAFETY AGAINST SLIDING_ __=_____1.0 MINIMUM
H,_ _ = HEIGHT OF WATER OUTBOARD SIDE
Pw__ _= APPLIED HORIZONTAL WATER FORCE

\
(1) NOTE: USE PSX32 STEEL SHEET PILING FOR MAIN CELL’
CONNECTING TEES AND CONNECTING ARCS

GRAPHIC SCALES
10' [o] 10 20
L ——e

8/aif7e| Loading conditions Ae. 4. deleted

REVISION DATE

DES. 8Y | DR BY | CK. BY
P. L. A.Z.

DESCRIPTION BY

SUBMITTED:

APPROVAL RECOMMENDED:

ARCHITECT - ENGINEER

REVIEWED:

PROJECT ENGINEER.
APPROVAL RECOMMENDED:

CHIEF _PROJECT ___BRANCH
e —————————

WATER RESOURCES DEVELOPMENT PROJEC
CHARLES RIVER DAM

DEPARTMENT OF THE ARMY
NEW ENGLAND DIVISION, CORPS OF ENGINEERS
WALTHAM MASSACHUSETTS

fse———
APPR?VED

STRUCTURAL -
STABILITY ANALYSIS .
CHARLES RIVER BASIN _MASSACHUSETTS
DATE

THIEF _ENGINEERTNG DIVISION

'SCALE'1" = 10' | SPEC. NO.

DRAWING NUMBER

SHEET

Rev. ﬁugu.d/‘ ‘7e PLATE 8 -|4



W

A\

TIDE END

R

PUMPING STATION

N
'v—
AN

EAST CROSSOVER

>

-+

/N

@ large lock
_ -

£~ ESmall_Lock No. 2
L Smallt LocK No./

N\
A

P

WEST CROSSOVER

BASIN END Detarl A"
LOCATION PLAN
SCALE I":50-0"
,;. 1
z1./0 \
R 940
BASIN END - R N
v NIRRT < V4
N =
& NERN
N A~ SN BN _1
SO
S 24'8%"
J
WV, "
22
J 46-p5t>
$Y
CO\
&
DETAIL"A"
SCALE g -0

See Detail A"
for. connetion

|

Iorge Lock

~
Z7.10°

BASIN END.

PLAN
WEST CROSSOVER

SCALE!":20"0'

see

Connecting Ar. '
/4-Ps X3’21§fee/
sheefpﬂes

DETAIL"B"

SCALE s 1*-
8

o

- 4 Connecting Arc
77 9. PSX3 gfce/
sheet. piles

Nofe: ,
for detail of cell

Plate 8-/4

F%

TIDE_END

See detail B’
for connection-

7-35] 4

x
S
3
A
]
~
Y
N A
4
PLAN .
EAST CROSSOVER
SCALEI: 200"

yﬁ/é‘/ £ ot Top of Lorge Lock Wall
and Calf‘f‘erdam Cell E1.778.0

PSXIe~d ]
Stee/

Sheeting |

VY zZsBi& ks v 1 PAION

@ 5%ce (g I\

Basin end-
of Conc.wall

|
¥

70p of Large Lock woll and
Cofterdom Cell E1.}//8.0
2-Ls 858% /3| o) | | T rsx3esteer
1P A220-N| bolts ‘ l Sheeting
@5 "c_Ac, 44 (P o
A A et
( |
Y > r g_‘ - .
) |_{—Ourside foce
Y ol of large lock
\ !
) wall
50%8'0 € i 17
Cutvert. ! “‘V
v H .
Basin EndEL86.0) L Splice .
Tide End EI.85.0 ? : #
' = g LN
' Bot of Fdn.EL.7%.00 TN
I—eonr Conc.
1 AN

79’3 1 £.810

M eon Conc, fill !

SECTION A-A -

SCALEl"=1-0"
b~

GRAPHIC SCALES

Stage / Cell

Cell:

A NN

SECTION B-B

Tar-o
SCALE4 ) Q

A _8/2/7d Is 858" added Fo replace 370" /Es

REVISION DATE

DESCRIPTION ay

ARCHITECT - ENGINEER
APPROVAL RECOMMENDED:

WATER RESOURCES DEVELOPMENT PROJECT

DES. BY | DR.BY | CK. BY
P.L|AJZ
SUBMITTED:

L. 8 o 8 16'
/8 =1 -0

14" =1 o“ggééﬁl

20 o . ed 40'

e 20 e ——

T

50' o . 50 100

1 D e e e ——

° |§ APPROVAL RECOMMENDED:

CHIEF __PROJECT __BRANCH
e ————————————

REVIEWED:

—— o evemees | CHARLES RIVER BASIN
APPROVED DATE

DEPARTMENT OF THE ARMY
NEW ENGLAND DIVISION, CORPS OF ENGINEERS
WALTHAM MASSACHUSETTS

CHARLES RIVER DAM
COFFERDAM

PLANS, SECTIONS AND DETAILS
- MASSACHUSETTS

CHIEF ENGINEERING DIVISION

SCALE:AS SHOWN| SPEC. NO. 3

DRAWING NUMBER

SHEET

'~ PLATE 8-15



, LS32ZSteel W, - SIDE PZ- 38 Steel sheel piling
4 : TL j,.l - \/ heet Piling T
. ! 2o ) k ‘
— S ‘ 1 ~ B
5k : . 7. 95,
A :

Is &Axx . ) > S ,,‘ oy s Lxisting FOOﬁngl',,
$ S ; ' ANER + o) -7 ‘ Weld bent s on wales
M PN . LU / 7o cell wall
% : 7 TT 124.0 (4
) >\PS X32‘j‘7‘ee/ k/ /-
= sheet piling P Coff
' | Location of Ls 518, ~ g < cotterdam wall
@ vicrity of culver?s) \"
cut feg if regamed L ,
29.9 s
. "'1 . 3
' § ,J . ) g/f;?lge;s'///_ Tremie Conc. \
Outside foce Ourside face. PLAN at £l. 93.0
lorge lock wall large Jock wall Colf#2 Cell #13 _MNote: .
Sfoge 2 flooding device is
sHro ; simitlar fo stoge ! excent Sluice
BASIN END TIDE END _ £xrsting 007‘/”9’7 ELIIN5T o PIEQNO‘ o Gdte 15 an 18" X294- "Med. seFerce
ALE 1210~ Type for unseating heads .
SECTION (13 SECTION (Ty L1960 ol oo A LD P
0t jor 3, .
3 Shee? piting
\ " 22 Mox. 1mgth 14
W\ 1)
o SOufS/'c{e foce Pile tips £1. 93 . _ .
215 85 1E of 2P bt large Jock wall rTop £1./18.0 .
A490 N bolts @ 5c.c. | ; ° ) ] WATER SIDE
(@p/ca/} & il %o " o .l:; : | 1772 ?Q_ﬁ/f_ﬁe/—— — -
- . sheet pilin
j ] %( ‘ ELE VATION W B - jpm? Tl
“ PSX325pee b A s x325ree 1 —ale -
12454 street piling Shegfgﬁ,n 5° IEW PROTECTIVE STEEL SHEET PILING A » _Stem Riser—
AT BENT NO.!
// I SCALE I":10-0" | f QH
t ) : (4 Fnd.sheets .
Outside faoce extended for
7 APy TIDE EN : oY) constsupporf- 36 "% 42" Med, We/a’s/‘leﬁf/n
Trgerech wa SEEﬁN—D ) Cone Grou? s Ts . i ﬁerwce Slurce Gate > / all around mi/
bérlaggin ' for unse g:% ‘36x42'0
BASIN END - @ /},74 ez W /4x/58 | 7op £ 92 rurseating heads | far_maferif/ghfe
SECTION (2 .o EEEE e — LInv £1,.95.0 aliE ;ea/
04, /6% , (=== Soldier Piles H ,£4.83.0 A
e : . = ____k=| Widx /58 In ZN Dumped T
" F % e :m- % S= grow;ed hole 5¢.c. / Y Pletipsal
PIX32 Steel he = — 7irnber /oggmg ks Trerri I
Ls 6’“*6&/54”\ sheet piling ‘ ' N HE /—/2 x4 N . reme goncl
) SNIPNE= 2 ELEVATION C-C - SECTION D-D .
3 f 4 g E = 711 £, %gﬁ L 2 SCALEI5-0" TSCALET=5-0"
N A i g NRARKT H | STAGE | FLOODING DEVICE
 Stee ' of 74 i 14 2% pugered hole —_| T (PREFABRICATED)
sheetpiling . SECTION B-B AN ) /—Grom‘gfo fop till 1 N
SCALEI"=1-0" Y m H N ) i
Outside face ; . Outside face . | . : Y j :
1 L large Jock wall | .  Jarge Jock wall E| File 7ips £ 432 L o - -
# e 1 y : AN\ 18/21/72]4s 858 added fo replace 3-01 £ Sold Bles exfended] - |
?-,O,. REVISION DATE DESCRIPTION - 33
rowan ELEVATION SECTION A-A DEPARTMENT OF THE ARMY
BASIN END TIDE END. _ SCALE OO TeeatE 00" T R eReTTs
SECTION @ SECTION @ STAGE 2 COFFERDAM INTERIOR WALL & GRAPHIC SCALES ae | noz] " JWATER RESOURCES DEVELOPMENT PROJECT
COFFERDAM WALL CONNECTIONS : i —— CHARLES RIVER DAM
SCALEM2! 54 0. [APProvAL RECOMMENOED: | M_| SCELLANEOUS COFFERDAM
——- DETAILS
7 CHARLES RIVER BASIN MASSACHUSETTS
APPROVAL RECOMMENDED! AvaED DATE
R - SHIEr_SNCTECAI DR
SCALEASSHO'IN!SPEC. NO.
. ORAWING NUMBER .
" o e SHEET

N, AN e N\, ' AN | kev. nugust'z PLATE 8-16



APPENDIX A

STRUCTURAL COMPUTATIONS




CHARLES RIVER DAM

COFFERDAMS
DESIGN MEMORANDUM NO, 8

APPENDIX A
INDEX

SUBJECT
Summary of Design Computations
Cellular Cofferdam Design Analysis
Design Assumptions
Cellular Cofferdam on Rock
Deleted
Cellular Cofferdam on Rock
Deleted
Cellular Cofferdam Computer Program Documentation

Stage 2 Cofferdam Interior Wall

New Protective Sheeting at Bent No. 1 of
Fitzgerald Expressway

Deflection Angles for Main Cells
Layout Computations for East and4West Crossovers
West Crossover Connection Details

East Crossover Connection Details

PAGE NO.

A-1

A-2

A-3 to A-6
A-7 & A-8
A-9 to A-10
A-11

A=12 to A-17

A-18 to A-2le

A-22 to A-23
A-24
A-25
A-26 to A-28

A-29 to A-32

Rev. Aug 72
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NED FORM 223 NEW ENGLAND DIVISION

27 Sept 49 CORPS OF ENGINEERS, U.S. ARMY mea_‘,.éﬂ_
susJECT Céar /65 -/?/ 74900

COMPUTATION (eM//ar C;‘ p/: ey d]r)/’)’i i o ;“a b/ /‘"Y Analrsic

COMPUTED BY i, A CHECKED BY ’ oaTE MLZL

CELLULAR COFFERDAM
DESIGN ASSUMPTIONS

H= 51 Ft D=49.076 Ft.
WAT ELEV 115 NO BERM
= EL LA

i DV PN N CASE 1
- Yoo

o
(ELEY & WGT SAT €A = 34,2 #/F+°
R M WGET SUB EA = 70,04/647
NN : __“ju WET WAT =  (A2¥)¢t3
Q. ' C_f.»\a/\\(o ) Q '
O RIS e G CASE 2
o N\ :
RN weT SAT EA = |[9.24/8
WGET SUB EA = 5504/Ft3
1 0]y { Ele7 WETWAT= 6424617
Ve AR AT :
_T/LL
Sgegﬂcgtwv\Sj
1. PSX32 Qleel sheet pnlmj For Mmn CeLu |
2, POSX32 Steel sheet piling for Connec ng Arcs
3. Diameter of cell D= ad. b2
4. ¢ to € Dist of cells ¥ 7 53,53/
5. Rogws connecting arcs  R= |/, |5’
L. ECfective widthVcell,E'= 39./89 "
7, No. Files in cell =08

M' 'lecsr lq

P-P,les= 38
g, Ncﬂjults m‘c.onne.c{'m arc = *?
9. " Dresigr 1s_prepared . alcerdence with Ec /110 -1
20 . Layour For P{;X{E Zrovided by US Ytee| fo.
—RCQ: US& - S"cc‘l Saeccet ) ‘:na fc i vicat pre
UssS

- Stee| Sheet P.lm3 Ees;gn Manva).

¥ Sec Plate 8-14 For Cell Lavyout s
‘ Re g, ﬁa{.'72 A - E
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' CELLULAR COFFER DAM ON ROCK

REFs EC 1110-2-114 16 NOV 70

TITLE: C CHARLES RIVER 18 APRIL 1972
CASE 1 LOADING CONDITION 1

$

HT CELL (H)= C 5140 +DIAM CELL= 49.026%

EFF WIDTH CELL (E)= 39.184 $TANP= +5773

Y-DIST (Y)= 53.53 SHT WAT (H1)= 48.01

DEP SAT LINE = 5103

SAT UNIT WT (wW2)= 1342 :SUB UNIT WT (W3)= «078

WT WAT (Wld= «0642 :K ACTIVE (K1)= «333:

K AT REST (K2)= 6 sNUMF= 203

ALL UNITS ARE IN FT KIPS EXCEPT INTERLOCK STRESS IN KSI

SUMV=204.035006 SUMH=73+958400

*HORIZONTAL SHEAR'

TILTING RESISTANCE OF CELL FILL
M(R)=(WI(F)=105724575

APPLIED FORCES AND OVERTURNING MOMENTS
P(WAT)=e5(Wi>{HI)(H1)>=73.,958400
MC(0O)=P(WAT) X H/3=1183.33440

TILTING RESISTANCE INTERLOCK FRICTION
P=.5(W2IC(HI(HI(KI)=58.117524
M(F)=.3(P)(E)=683+.18312

SAFETY FACTOR AGAINST TILTING
NCTY=(M(RI+M(F)3/M(0)=147078363

SAFETY FACTOR AGAINST SLIDING
SSF=TANP X SUMV/SUMH=1.5918165

PILE INTERLOCK TENSION
MAX INTERLOCK STRESS=(P)(L)SEC © /12=7.18790525

*VERTICAL SHEAR'

DRIVING SHEAR
Q@=3M/2E=45.299143

SHEAR RESISTANCE
S(NI=P(T) X TANP=53.1950408
SCTI)=e3(TII(NI/(Y)=28.771639

SAFETY FACTOR
G(SI=SI(NI+S5(T)3/Q=1.80945321

A-3
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CELLULAR COFFER DAM ON ROCK

REF: EC 1110-2-114 16 NOV 70

TITLES CHARLES RIVER 18 APRIL 1972

CASE 2 LOADING CONDITIONI
$

HT CELL (H)= C 51.0 $DIAM CELL= 49.026:
EFF WIDTH CELL (E)= 39.i84 $TANP= +577:

Y=DIST (Y)= 53.53 $HT WAT (H1)= 48.0:
DEP SAT LINE = 51.0:

SAT UNIT WT (W2)= 0.1192:5UB UNIT WT (W3)= 0553
WT WAT (Wl)d= 0642 tK ACTIVE (K1)= .333:
K AT REST (K2)= +6 $NUMF= 20:

ALL UNITS ARE IN FT KIPS EXCEPT INTERLOCK STRESS IN KSI

SUMV=174.059246 SUMH=73.958400

'HORIZONTAL SHEAR®

TILTING RESISTANCE OF CELL FILL
MIRI=(WI(F)I=890+542383

APPLIED FORCES AND OVERTURNING MOMENTS
PUWAT)I=e5{(WI X (HI)(H1)=73.958400
M(OI)=P(WAT) X H/3=118333440

TILTING RESISTANCE INTERLOCK FRICTION
=eS5(W2I(HI(HI(KI)I=51.621527
M(F)=e3(PJI(E)=606+82137

SAFETY FACTOR AGAINST TILTING
NCTI=(M(RI+M{F))/M(03=1.26537668

SAFETY FACTOR AGAINST SLIDING
SSF=TANP X SUMV/SUMH=1.3579551

PILE INTERLOCK TENSION
MAX INTERLOCK STRESS=(P)(LJSEC 6 /12=6.38448808

*VERTICAL SHEAR®

DRIVING SHEAR
Q=3M/2E=45.299143

SHEAR RESISTANCE
S(NY=P(T) X TANP=46.4415443
S{TI)=eJ(TI(NI/(Y)I=25.555733

SAFETY FACTOR
G(SI=S(NI+5(T))»/Q=1.589373%4
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CELLULAR COFFER DAM ON ROCK

REF: EC 1110-2-114 16 NOV 70

TITLE: C CHARLES RIVER 18 APRIL 1972
CASE 1 LOADING CONDITION 2

HT CELL (H)= C 510 tDIAM CELL= 49.026:

EFF WIDTH CELL (E)= 39.184 $TANP= 5773

Y-DIST (Y)>= 53.53 ¢HT WAT (H1)= 48.03

DEP SAT LINE = 23.495¢

SAT UNIT WT (W2)= 1342 $SUB UNIT WT (W3)= «07:

WT WAT (W1)= .0642 tK ACTIVE (K1J)= 3333

K AT REST (K2)= «6 sNUMF= 203

ALL UNITS ARE IN FT KIPS5 EXCEPT INTERLOCK STRESS IN KSI

SUMVU=169.439041 SUMH=73.958400

*HORIZONTAL SHEAR'

TILTING RESISTANCE OF CELL FILL
M(R)=(WI(F)=906¢617286

APPLIED FORCES AND OVERTURNING MOMENTS
PC(WAT)=e5(W1)(H1)(H1)=73.958400
MC(0)=P(WAT) X H/3=1183.33440

TILTING RESISTANCE INTERLOCK FRICTION
P=e5(W2)(HX(H)(K1)=74.3152545
M(F)=¢3(P)(E)=873.59068

SAFETY FACTOR AGAINST TILTING
NCTI=(M(RI+M(F))/M(0J)=1.50439974

SAFETY FACTOR AGAINST SLIDING
SSF=TANP X SUMV/SUMH=1.32190971

PILE INTERLOCK TENSION
MAX INTERLOCK STRESS=(P)(L)SEC 8 /12=10.9024698

*VERTICAL SHEAR'

DRIVING SHEAR
Q=3M/2E=45.299143

SHEAR RESISTANCE
S(N)Y=P(T) X TANP=43.2988001
S(TI=e3(TIINI/(YI=31440578

SAFETY FACTOR
G(S)I=S(NI+S(T))/Q=164990711

A-B



CELLULAR COFFER DAM ON ROCK

REF: EC 1110-2-114 16 NOV 70

TITLE: C CHARLES RIVER 18 APRIL 1972
CASE 2 LOADING CONDITION 2

HT CELL (H)= ¢(C 510 ¢DIAM CELL= 49.026:

EFF WIDTH CELL (E)= 39.184 $TANP= «577¢

Y=-DIST (Y)= 53.53 $HT WAT (Hi)= 48.0:

DEP SAT LINE = 23.495:

SAT UNIT WT (W2)= {192 ¢SUB UNIT WT (W3)= .055¢

WT WAT (Wl)= .0642 tK ACTIVE (Kl)= 333

K AT REST (K2)= +6 SNUMF= 20

ALL UNITS ARE IN FT KIPS EXCEPT INTERLOCK STRESS IN KSI

SUMV=139.463282 SUMH=73.958400

'HORIZONTAL SHEAR'

TILTING RESISTANCE OF CELL FILL
M(RI=(WI(F)>=739.913893

APPLIED FORCES AND OVERTURNING MOMENTS
P(WAT)=+5(W1)(H1)(H1)=73+958400
M(0)=P(WAT) X H/3=1183+33440

TILTING RESISTANCE INTERLOCK FRICTION
P=eS5(W2I(HI(HI(K1)=67.8192575
M(F)=e3(P)(E}=797.22894

SAFETY FACTOR AGAINST TILTING
NCTOY=(MC(RI+M(FI3/MU0Y=1 29899277

SAFETY FACTOR AGAINST SLIDING
SSF=TANP X SUMV/SUMH=1.08804834

PILE INTERLOCK TENSION
MAX INTERLOCK STRESS=(P)(L)SEC 6 /12=10.0990528

*VERTICAL SHEAR"

DRIVING SHEAR
Q=3M/2E=45.299143

SHEAR RESISTANCE
SINI=P(T) X TANP=36+5453024
S(TI=e3{TIINI/(Y3=28.224673

SAFETY FACTOR
G(SI=S(NI+5(TI>/Q=1.42982783

A-b
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CELLULAR COFFER DAM ON ROCK

REF: EC 1110-2-114 16 NOV 70

TITLE: C CHARLES RIVER 18 APRIL 1972
CASE 1 LOADING CONDITION 4

HT CELL (HX= C 510 sDIAM CELL= 49.026:

EFF WIDTH CELL (E)= 39.184 ¢t TANP= «577%

Y-DIST (Y)= 5353 $HT WAT (H1)= 48.0:

DEP SAT LINE = 6.0¢

SAT UNIT WT (W2)= «1342 $SUB UNIT WT (W3)= «07:

WT WAT (W1)= «0642 sK ACTIVE (Ki)= «333:

K AT REST (K2)= +6 sNUMF= 20

ALL UNITS ARE IN FT KIPS EXCEPT INTERLOCK STRESS IN KSI

SUMV=147.433718 SUMH=73.958400

*HORIZONTAL SHEAR'

TILTING RESISTANCE OF CELL FILL
M(R)=(W)(F)=810.807604

APPLIED FORCES AND OVERTURNING MOMENTS
P(WAT)=«5(W1)(H1)>(H1)=73.958400
MC0)=P(WAT) X H/3=1183.33440

TILTING RESISTANCE INTERLOCK FRICTION
P=e5(W2I(H)(H)(K1)=101+474191
MC(F)=«3(P)(E}=1192.84940

SAFETY FACTOR AGAINST TILTING
NCT)=(M(R)+M(F))/M(0)=1.69322974

SAFETY FACTOR AGAINST SLIDING
SSF=TANP X SUMV/SUMH=1.15023114

PILE INTERLOCK TENSIGON
MAX INTERLOCK STRESS=(P)(L)SEC © /12=13.2651783

'UVERTICAL SHEAR®

DRIVING SHEAR
Q@=3M/2E=45.299143

SHEAR RESISTANCE
S(NI=P(T) X TANP=34.8168839
SC(TI=e3(TI(NI/(YI=35.915623

SAFETY FACTOR
G(S)I=S(NI+S(TI)I/7@=1.56145353
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CELLULAR COFFER DAM ON ROCK

REF: EC 1110-2-114 16 NOV 70

TITLE: C CHARLES RIVER i8 APRIL 1972
CASE 2 LOADING CONDITION 4

H

HT CELL (HY= C 510 :DIAM CELL= 49.026:

EFF WIDTH CELL (E)= 39.184 STANP= 5772

Y-DIST (Y)= 5353 $HT WAT (H1)= 48.0:

DEP SAT LINE = 6+0¢

SAT UNIT WT (W2)= 1192 2SUB UNIT WT (W3)= +055¢

WT WAT (Wl)= 0642 K ACTIVE (Ki)= «333¢

K AT REST (K2)= 6 $NUMF= 20:

ALL UNITS ARE IN FT KIPS EXCEPT INTERLOCK STRESS IN KSI

SUMU=117.457958 SUMH=73.958400

‘HORIZONTAL SHEAR®

TILTING RESISTANCE OF CELL FILL
M(R)=(W)(F)=644.104208

APPLIED FORCES AND OVERTURNING MOMENTS
P(WATI=«5(W1 )X (H1){H1)>=73.958400
M(O)=P(WAT) X H/3=1183.33440

TILTING RESISTANCE INTERLOCK FRICTION
Pee5{W2IHI(HI(KL)=94.9781 948
M{F)=e3(PI(EI=111i6+48767

SAFETY FACTOR AGAINST TILTING
NC(TI=(M(RI+M(F))/MC0)>=1« 48782277

SAFETY FACTOR AGAINST SLIDING
SSF=TANP X SUMV/SUMH=.91636977

PILE INTERLOCK TENSION
MAX INTERLOCK STRESS=(P){LISEC © /i12=124617617

*UVERTICAL SHEAR'

DRIVING SHEAR
Q=3M/2E=45.299143

SHEAR RESISTANCE
S{NI=P(T)Y X TANP=28.0633872
SUTI=e3(TIINI/(¥I=32:.6997L 8

SAFETY FACTOR
G(S)I=SINI+S(TII/@=1+34137428

A-8
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CELLULAR COFFER DAM ON ROCK

| —
REFs EC 1110-2~114 i6 NOV 70
TITLE: CHARLES RIVER 18 APRIL 1972
CASE 2 LOADING CONDITION 1 EXTREME WAT ELEV {17
HT CELL (HY= C 510 $sDIAM CELL= 49.026:
EFF WIDTH CELL (E)= 39.{84 $TANP= 577
Y=-DIST (Y)= 53.53 $HT WAT (H1)= S0.0%
DEP SAT LINE = 51.03
SAT UNIT WT (W2)= 1192 $§SUB UNIT WT (W3)= «055:
WT WAT (Wl)d)= 0642 SK ACTIVE (Kl)= 3333
K AT REST (K2)= +6 ¢NUMF= 20¢

ALL UNITS ARE IN FT KIPS EXCEPT INTERLOCK STRESS IN KSI

SUMVU=174.059246 SUMH=80.250000

'HORIZONTAL SHEAR'

TILTING RESISTANCE OF CELL FILL
M(R)=(W){(F)=890.542383

APPLIED FORCES AND OVERTURNING MOMENTS
P(WAT)=e5(W1 ) (H1)(HI>=80.250000
MC(O)I=P(WAT)> X H/3=1337.50000

TILTING RESISTANCE INTERLOCK FRICTION
=e5CW2I(HI(HI(K1)=51.621527
M(F)=e3(P)(E)=606+82137

SAFETY FACTOR AGAINST TILTING
NC(TI=(M(RI+M(FJ))/M(0)>=1.11952430

SAFETY FACTOR AGAINST SLIDING
SSF=TANP X SUMU/SUMH=1.2514914

PILE INTERLOCK TENSION
MAX INTERLOCK STRESS=(P)(LJ)SEC © 712=6+38448808

*VERTICAL SHEAR®

DRIVING SHEAR
Q@=3M/2E=51.200745

SHEAR RESISTANCE
- SINI=P(T) X TANP=46.4415443
S(TI=e3(TII(NI/(Y)I=25¢555733

SAFETY FACTOR
G(SI=S(NI+5(T)>)/Q=140617636
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CELLULAR COFFER DAM ON ROCK

REF¢ EC 1110-2-114 16 NOV 70

TITLE: C CHARLES RIVER 18 APRIL 1972
CASE 2 LOADING CONDITION 2 EXTREME WAT ELEY
HT CELL (H)= C51.0 $DIAM CELL= 49.026¢
EFF WIDTH CELL (EJ= 39.184 $TANP= 5773
Y-DIST (Y)= 5353 ‘ $HT WAT (Hl)= 50.0:
DEP SAT LINE = 214953
SAT UNIT WT (W2)= 1192 ¢SUB UNIT WT (W3)= 0553
WT WAT (Wild= 0642 ¢K ACTIVE (Kid= 3333
K AT REST (K2)= +6 ¢NUMF= 202

ALL UNITS ARE IN FT KIPS EXCEPT INTERLOCK STRESS IN KSI

SUMV=136+947669 SUMH=80.250000

‘HORIZONTAL SHEARF®

TILTING RESISTANCE‘OF CELL FILL
MIRI=(WI(F)=T728.961082

APPLIED FORCES AND OVERTURNING MOMENTS
P(WAT)=«5( Wi I (H1I(HI)=80250000
M(OY=P(WATY X H/3=1337+50000

TILTING RESISTANCE INTERLOCK FRICTION
=« 5(W2I(HI(HI(K1)=702605055
M{FI=«3(PJI(E)=825.92630

SAFETY FACTOR AGAINST TILTING
NCTIY=(MCRI+MCF) ) /M(0I=1.16253262

SAFETY FACTOR AGAINST SLIDING
SSF=TANP X SUMV/SUMH=.98465801

PILE INTERLOCK TENSION
MAX INTERLOCK STRESS=(P){LJSEC © /712=10.3691538

*VERTICAL SHEAR"®

DRIVING S5HEAR
Q=3M/2E=51200745

SHEAR RESISTANCE
SINY=P(T) X TANP=35.6817614
SCTI=e3(TIINI/LYI=28B+626923

SAFETY FACTOR
G(SI=SCNI+E(T))I/Q=1.25562010

A-10
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CELLULAR COFFER DAM ON ROCK

REF: EC 1110-2-114 16 NOV 70

TITLE: C CHARLES RIVER 18 APRIL 1972
CASE 2 LOADING CONDITION 4 EXTREME WAT ELEV 117
tH
HT CELL (H)= (51.0 $DIAM CELL= 49.026¢
EFF WIDTH CELL (E)= 39.184 $TANP= 5773
Y=DIST (Y)= 53653 $HT WAT (Hi)= 50.03
DEP SAT LINE = 4.08
SAT UNIT WT (W2)= 1192 $SUB UNIT WT (W3)= 0553
WT WAT (Wid= 0642 $K ACTIVE (Kid= 333
K AT REST (K2)= «6 $NUMF= 203

ALL UNITS ARE IN FT KIPS EXCEPT INTERLOCK STRESS IN KSI

SUMV=114.942345 - SUMH=80.250000

'HORIZONTAL SHEAR'

TILTING RESISTANCE OF CELL FILL
M(R)=(WI(F)=633.1513%98

APPLIED FORCES AND OVERTURNING MOMENTS
P(WAT)=«5(WiJ)(HLI(H!)>=80+250000
MC(0)=P(WATY X H/3=1337.50000

TILTING RESISTANCE INTERLOCK FRICTION
P=eS5C¢W2)(HI(HI(K1)=98.9177636
M(F)=e3(P)(E)=1162.79810

SAFETY FACTOR AGAINST TILTING
NCTIY=(MC(RI+MC(F))I/M(0)=] « 34276597

SAFETY FACTOR AGAINST SLIDING
SSF=TANP X SUMU/SUMH=.82643904

PILE INTERLOCK TENSION
MAX INTERLOCK STRESS=(P)(L)SEC 8 /12=12.7318625

*VERTICAL SHEAR®

DRIVING SHEAR
@=3M/2E=51.200745

SHEAR RESISTANCE
SINI=P(T) X TANP=26.9854248
SCTI=e3(TICNI/Z(YI=33348850

SAFETY FACTOR
G(S)I=S(NI+S(T))>/Q=1.17836666

A-11
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CELLULAR COFFERDAM ON ROCK FOUNDATION

GLOSSARY
REF: EC 1110-2-114
USS- STEEL SHEET PILING
DESIGN MANUAL

I TEM REGISTER DESCRIPTION

H SO HEIGHT CELL FILLED WITH EARTH

D S1 ACTUAL DIAMETER OF CELL

E s2 EFFECTIVE WIDTH OF CELL

TAN # $3 COEFFICIENT FRICTION CELL FILL & ROCK
Y-DIST sS4 CENTERLINE DIST OF 2 ADJOINING CELLS
HCWAT) S5 HEIGHT OF WATER OUTBOARD

N ¢(SAT) S6 UNIT WEIGHT SATURATED EARTH

- B(sSUB) S7 " " SUBMERGED "

BWAT)? 5913 v © WATER

DS 5950 DEPTH FROM TOP CELL TO SATURATION LINE
KA S914 COEFFICINET ACTIVE EARTH PRESSURE
K(P) S916 . PASSIVE "

NUMF S901 TOT NO. DIVISION UNITS FOR CELL STRENGTH
SF TILTING $S917 SAFETY FACTOR AGAINST TILTING

SF SLIDING S907 " . " SLIDING

SF VERT SHEAR 5924 " v s VERTICAL SHEAR
SCND) s922 VERTICAL SHEAR RESISTANCE

SCTY $923 RESISTANCE AGAINST SLIPPAGE

M(R) S911 RESISTING MOMENT AGAINST TILTING
PCW)s SUMH 5903 LATERAL OUTBOARD FORCE (WATER)

P(R) 5905 PRESSURE AT BASE OF CELL DUE TO FILL
MC0) S904 NET OVERTURNING MOMENT PER LINeFTe.
MCF) S906 RESISTING MOMENT FROM INTERLOCK FRICTION
Q 5921 TOT SHEAR FORCE PER FT

MAX INTERLOCK

‘STRESS 5920 MAXIMUM INTERLOCK STRESS AT THE BASE

SUMV S930 NET WEIGHT OF CELL FILL
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S’

- PROGRAM

LISTING

N INPUT
"810

3 U-.oo--nouhnbwu,
3 CELLULAR~COFFER*»
5 DAM=ON=ROCK M J J»
3 UREF$~EC~1110-»
32=114#+w=]16-NOV=->»
570 M J J J UTITL>
3JEs C: N((= M J J>»

UHT~CELL~(H)= C»
¢$0 UDIAM~CELL= C»
t$1 M J UEFF=WI»
DTH~CELL~(E)= Ct>»
$2 UTANP= C:$3 M»
J UY-DIST=(Y)= C»
84 UHT~WAT~-(Hl,
)= C3$5 M J UDEP»
3 ~SAT=LINE~= C:%$950»
5 M J USAT~UNIT>
5«WT~(W2)= C:%86 U>»
3 SUB=UNIT«WT~(W3)>»
3= C3$7 M J UWT=W,
3AT=(W1)= C38913 U»
3 K=ACTIVE=(K1)= C»
338914 M J UK=AT»
3~REST=(K2)= C:%916,
3 UNUMF= C31%901.,
31%9020%906%911 M.
3 J J UALL=UNITS~>»
3 ARE~IN=FT~KIPS~E»
3 XCEPT~INTERLOCK«»

Mo %o e We Vo %o Yo Ve

'3 STRESS~IN-KSI M J»

3 J C+"940,

N Som POTATIONS

* 940

3 #902/#901*%#950%903»

3 #902/#901%#2%904>»
3#0-#3C#2-4904)-#903),
> #904%#T+#903»
3XR#90UKkS(R#E6+AT )

3 $905#305-#906)#3»
38907#3(#2=-#904)+,

3 «S5%kE3%#2/#901)#907>
3%$910#910+#911%911»

5 #902+13902#905.,

3 $906#901-4#902%912" 940,
3 «Sk#913%#5%x#5%8903>

3 #903*#5/3%904,

3 #0-#950/2)%#6*x#914,

3 R#9S0+(#Tx#914+4#913,
3)C(#0-#950)(#0-#950)»
3 «53905#905%«3%,

> #2389064#906+#911)/,
3#904%91 7#2%.5%#950
3R(HE+ETI+(#0>
3=#950)#7*#2%8930#93C>»
3 *#3/#903%907»
SP6RFOL14%EQSO+(#7>

S X#914+#913)%(#0~-»
3#950))%#4/2%1 414>
3/712%920»
33%#904/2/#2%921 >
3#0=#950/2<2)# 7+

3 #950%#0*#6-#950»

3 *#950/74*%#6)#916
3/2%#3%922,

3 #0=-#950<2)#913/2»

3 +#6%#91 6%#950(#0~-»

3 #950/2)+#T7/2(#0-#950) >
3 (#0-#950)#916)#1%.3/>»
3 #4%923>
3#922+#923)/#9213924,
3 +"840»

5)s

N

VT PUT
wgag ST

© 3 USUMV CZ2930 U==>»

3 ==SUMH CX903 M J>»
3 J J U'HORIZ»

3 ONTAL=SHEAR' C M>»
3 J J UTILTING=RE>»
3 SISTANCE-OF~CELL>»
;=FILLC M J U=*=*=>
3M(RI=(WI(F) CZ911
5 M J J UAPPLIE»

3 D-FORCES~AND-OQVE.,
3 RTURNING-MOMENTS»
3 C M J U===P(4AT)
3=e¢5(W1)C(HI)(H1)>»
5 CR903 M J U=e==M(
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5 CZ904 M J J UTI>»
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3 C2905 M J U~=»
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3 C2906 M J J USA»
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3 NST=TILTING C M»
3 J UseeN(TI®(M(R)>
5 +M(F))/M(0) CZ917»
;3 M J J USAFETY.

3 "FACTOR=AGAINST~»
JSLIDING C M J U~»
3 ==SSF=TANP=X-SUM.
3 V/SUMH CX907 M»

5 J J UPILE~INTERL>
3 OCK-TENSION C M»

J U=e=MAX~INTERL>
OCK=STRESS=(P)(L)»
SEC~0~/12 C%920.

3 M J J U'VERTICAL-
3=SHEAR' C M J J+'"900,

.

-

.

e e V“o

"*900

5 UDRIVING-SHEAR M>»
Je==Q=3M/2E CZ%921>
M J J USHEAR>»

3 ~RESISTANCE M J*=>»
3e=S(N)=P(T)=X~TA>
3NP CR922 M J U=~>
3*=S(TI)=e3(TIINI/ (>
3Y) C%923+"9107?»

e e o

'"910

3 M J J USAFETY~F»
3ACTOR M J===G(S5).
3=5(N)+S(T))/Q CZ924»
35 M J J L+"8B107>
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CHARLES RIVER COFFERDAM

DEFLECTION ANGLES FROM CENTERLINE OF CELLS
PSX32

FOR R MP=189 STEEL SHEET PILING
CELL DIAMETER= 49026 FEET
DRIVING DISTANCE= 16«5 INCHES

INCREMENT= 3.21429:3 TOT NO= 35:

INC NO ANGLE DEGREES MINUTES SECONDS
1 3.21429 3 12 5144
2 6+ 42858000 6 25 42.88
3 9. 64287000 9 38 34.33
4 12.8571600 12 51 25.77
5 160714500 16 4 17.22
6 192857400 19 17 8+66
7 22.5000300 22 30 .10
8 25.7143200 25 42 51455
9 289286100 28 55 42.99

10 321429000 328 34.44
11 35.3571900 35 21 25.88
12 38.5714800 38 34 17.32
13 41+7857700 41 47 8e77
14 45.0000600 45 .21
15 482143500 48 12 5166
16 514286400 51 25 43710
17 54.¢6429300 54 38 34454
18 57.8572200 57 51 25.99
19 610715100 61 4 17443
20 6442858000 64 17 8. 88
21 67+5000900 67 30 .32
22 70+ 7143800 70 42 51476
23 73+9286700 73 55 43.21
24 7741429600 77 g 34465
25 80+3572500 80 21 26410
26 83+5715400 83 34 17.54
27 86+ 7858300 86 47 §98
28 90+0001200 90 e43
29 93.2144100 93 12 5187
30 96+ 4287000 96 25 4332
31 99.6429900 99 38 34.76
32 102+ 857260 102 51 26+20
33 106.071570 106 4 17465
34 109285860 109 17 9.09
35 112.500150 112 30 54
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\ INE FROM ANCHOR CELL TO EAST CROSSOVER

C "820:
TRAVERSE
TEAR OFF TAPE ,

NORTH= =-91+5000000: EAST= =-128.000000: <« ANCHOR CELL COORDINATE
CELL LINE FR CELL #2t TO # i85
D= 321.180000¢ BRG= 800000000521 0000000825.6700000: Q
-53¢79972202:316¢64204138-145:299722:188.6420413
CELL LINE FR (CEBLL &5 T0O & |4
D= 53.5300000s-18 A= «9.0000000:38+00000002834.3300000¢
«000000000&41 5353000002 -145.299722:242.1720413
CELL ULNE ER CELL #/4 70 2|3
D= 53.5300000s3=-1% A= ~19.0000000:17.0000000:8+660000003
17:6798595:50+5260677:-127:61986335292.6981083

CELL LINE FR CELL &[> T0 # 4l

2+00000000:

= 5345300000¢t=12: A= -102.000000:51.00000002:26+2000000:
45-32506778'28-47980308-82-2947960:264-2183053
D= - COORDINATE

LINE FROM ANCHOR CELL TO E WEST CROSSOVER

(("820¢
TRAVERSE .
TEAR OFF TAPE

NORTH= =-91.50000003 EAST= -128.0000003 <%= ANCHOR CELL COORDINATE
CELL LINE FR 4 21 TO WEST CROSSOVER PARTIAL CELL
D= 53.53000008 BRG= 19.0000000217+0000000:8¢66000000: Q= 1.00000000s
5005260677217« 67986005 =40+97393238-110320140:

D=
L
NOTE " EGUIP. — MATHATRON CSTT
DRot - TBAVERSE PROG From Ciyik EBUGR.
TACKAGE  PROVIDED BY HATHATROMICS
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